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Adolphus Busch built this two-cylinder, 60 hp. Diesel engine in St.Lovis 50 yearsago 
—the world's first commercially applied Diesel. From it have grown the Diesel giants _ 

sof today, like the 7,100 hp. Nordberg engine shown below—the most powerful 
single acting Diesel ever built in the U. S. Over the years, improvements in Diese! designhave called _ 


easily America's foremost Diesel lubricants ... . and there is a complete line of 


for improved lubriconts, and Texaco Ursa Oils have kept pace: Today Texaco Urse Oils are 4 


Photo cour- §& 
tom Nordberg 
Co., 
Bush- Sulzer 
Invision 


ie Get full power and fuel economy by using the 

ar: oils that keep rings free — Texaco Ursa Oils 

3 Surest way to get maximum efficiency and power 
pti from your Diesels—with minimum costs for fuel 
sa and maintenance—is to keep rings free ...and Texaco 
° Ursa Oils will do it! 


a Texaco Ursa Oils are made to prevent deposits such 
as carbon, varnish and sludge. They keep engines 
clean, valves active, ports open, rings free for proper 
“" seal. They assure extra long life for pistons, cylinder 
liners, rings and bearings . . . extra thousands of 


them to assure efficient operation of every type, size and speed of Diese! engine. hn i 


Photo courtesy Nordberg Mfg. Co. 


hours of full-power, low-cost operation between 
overhauls. 
Texaco Ursa Oils have the approval of all leading 

Diesel manvfacturers, and— 

More stationary Diesel horsepower in 

the U. S. is lubricated with Texaco 

Ursa Oils than with any other brand. 
For Texaco Products and Lubrication Engineering 
Service, call the nearest of the more than 2500 Tex- 
aco Distributing Plants in the 48 States, or write 
The Texas Company, 135 East 42nd Street, New 
York 17, New York. 


a>) TEXACO Ursa Oils 


FOR ALL DIESEL ENGINES 


Tune in . . . Texaco Star ineatre every Wednesday night featuring Gordon MacRae and Evelyn Knight . 
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Air-Maze Corporation 

American Bosch Corporation 

American Locomotive Company 

Atchison, Topeka and Santa Fe Railway Company 

Atlas Diesel 

Atlas Imperial Diese! Engine Company 

Baldwin Locomotive Works 

Buckeye Machine Company 

Buda Company 

Burgess-Manning Company 

Burmeister & Wain 

Busch Sulzer Bros. Division, Nordberg Mfg. Co. 

Caterpillar Tractor Company 

Chicago Pneumatic Tool Company 

Cleveland Diesel Engine Division, General Motors Corp. 

Cooper Bessemer Corporation 

Crossley Brothers, Ltd. 

Cummins Engine Company 

Detroit Diesel Engine Division, General Motors Corp. 

Diesel Engine Manufacturers Association 

Electro-Motive Division, General Motors Corp. 

Elliott Company 

Engineering Controls, Inc. 

Fairbanks, Morse & Company 

Fulton Iron Works 

Hall Manufacturing Company 

Hemphill Diesel Schools 

Hercules Motors Corporation 

Mlinois Testing Laboratories 

(Ingersoll Rand Company 

International Harvester Company 

Lanova Corporation 

Lima-Hamilton Corporation 

Lister-Blackstone, Inc. 

Lorimer Diesel Engine Company 

Mack Trucks, Inc. 

Nordberg Manufacturing Company 

Ohio Crankshaft Company 

Parker Appliance Company 

Perfect Circle Corporation 

Purolator Products, Inc. 

Quincy Compressor Company 

Rathbun-Jones Engineering Company 

Scintilla Magneto Division, Bendix Aviation Corp. 

S.E.M. (Societe D'Electricite et de Mecanique) 
Carels Works 

R. H. Sheppard Company 

Standard Oil Company of California 

standard Oil Company (Indiana) 

Sulzer Bros. 

Sun Shipbuilding & Dry Dock Company 

Superior Engine Division, National Supply Co. 

Thomas Flexible Coupling Company 
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Union Diesel Engine Company 

U. S. Navy Department 

Venn-Severin Machine Company 

Waukesha Motor Company 

Western Gear Works 

Wilkening Manufacturing Company 
Worthington Pump & Machinery Corporation 
“Diesel” by Eugen Diesel 


"Robert Bosch, Leben und Leistung” by Theodor Heuss 
"The Gas, Petrol and Oil Engine”, by Dugald Clerk 
"Guldner's Internal Combustion Engines” Diedrich's 


"The Modern Diesel” by O. F. Allen 
Alfred E. Ballin 
James C. Barnaby 
Charles E. Beck 

R. P. Bolster 

Glenn C. Royer 
Ralph L. Boyer 

P. G. Burman 
William N. Campbell 
George W. Codrington 
Charles Day 

E. H. Doddrell 

Frank De Luca 
Hamish Ferguson 
Otto Fischer 

J. H, Gallaway 

E. Hagenlocher 

F. G. Hechler 
James R. Irwin 
Edgar J. Kates 

Wm. Kauffmann 
Knute Keel 

P. W. Kiefer 

W. F. Kieser 

Frank J. Kogel 

Carl Hans Kurth 

R. L. Leadbetter 

Dr. Chas. E. Lucke 
Dr. E. C. Magdeburger 
J. H. G. McConechy 
W. E. Meyer 

Ralph Miller 

J. A. Nelson 

Otto Nonnenbruch 
Dr. Paul Rieppel 
Jean Santschi 

R. Tom Sawyer 
Henry Schreck 

W. W. Schettler 

Dr. P. H. Schweitzer 
H. Sinclair 

Otis D. Treiber 

J. Vocelka 

Dr. O. W. Willcox 
Fred M. Young 


This is the story of how an idea and an ideal grew 
into an imdustry. Rudolf Diesel had the idea that 
if power is to be obtained from fuel, the conver- 


sion should be done in the ideal way and thus 
obtain the highest efficiency of fuel use. The 
struggle to translate the original conception into 
a practical usable engine is an epic in itself. Then 
began the fifty year history that is now being cele- 
brated. As long as Diesel lived, he never lost the 
courage of his convictions. He foresaw the many 
uses of his engine and the advantages to be gained, 
He constantly strived for a better engine and wider 
use of it, 


The contributors to the success of the diesel engine 
are legion. No one can know or record all of their 
names or their individual share, but they can be 
happy that they worked in a good cause. A few 
names are recorded here but there are countless 
more who gave just as much and perhaps a greater 
contribution if we could but know. 


The diesel engine has not grown up in a vacuum, 
It has been part and parcel with the related and 
associated events. It could not have grown to what 
it is without their aid. On the other hand, the 
diesel engine has brought many important and 
even spectacular events and developments that 
would never have been possible without it. The 
timing of the invention and development of the 
“rational heat engine” has been advantageous all 


around, to express it mildly, 


Although the diesel engine was born in Germany 
and some of the most significant development work 
has occurred there and in Europe, and although 
the acceptance of the diesel was slow in the begin- 
ning in this country, it is typical that once it did 
get started here, it has grown amazingly. From 
the beginning, the engineers in this country have 
strived to simplify the engine and still retain all 
of the basic advantages. ‘Their contributions have 
been notable and they had the satisfaction of see- 
ing them adopted in Europe. ‘Truly, the develop- 
ment of the diesel has been world wide. It has 
also been typical of this country to apply mass 
production methods and modern ideas of service 
and sales to the diesel engine. 


This country uses power, and since the diesel en- 
gine is the most efhcient and the most adaptable 
source of power, is it any wonder that the use of 
the diesel has spread so widely? 


Filty years ago, the first commercial diesel engine 
in the world and the first commercial diesel cngine 
in this country started operation. In the time 
since, the diesel industry has attained maturity. 
The story of that development is told here in 
chronological order, ‘That is the way it happened. 
Many events took place simultaneously and the 
whole thing was an increasingly broad flow of 
action. ‘Today, the diesel engine is an integrated 
part of industry and living in this country. It is 
the result of engineering and production accom- 
plishments, pressured by the economic circum. 
stances. It is a fitting triumph to the ideals, prob- 
lems and struggles of the men who pioneered it, 


This story has been blended from the comments 
and material obtained from many sources. An 
attempt is made here to acknowledge many of 
them, and there are others equally important. ‘To 
one and all, the Author and Editor hereby express 
sincere appreciation of their help. 


JOHN W. ANDERSON 
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Used in Six Diesels in Big Eastern Power Plant, Keeps Rings Free in Steady Day-and-Night Operation enjoys t 


A well-known heavy-forging plant operates six Diesels. Running side by 7 
side, the engines furnish an ideal testing ground for Diesel oils. A well- . 
known brand of oil was being used when, a few years ago, tests were 
made on a Sun “Job Proved” Diesel lubricant. 


Consumption of the Sun Oil was 10% less than that of the other, 
and after careful study of all the factors involved, the management 
standardized on Sun for all six Diesels. 


After more than a year of running on a 24-hour-a-day basis (more 
than 9,000 hours) one of the engines was shut down for inspection. All 
rings were found clean and free. There was no sludge, no hard carbon. 


is measu 
power u 
shows a 
hence it 
And in 
diesel ey 
attention 
and adap 
: ecords like this are being made consistently in plants where Sun bored 
Proved" lubricating oils used. You can on oils to InN DUSTRI AL Se 
your Diesels, turbines, steam engines and other power equipment operat- Usually s] 


ing steadily and safely with minimum time-out for maintenance. For full PRODUCTS 
Before Ri 


information call your Sun office or write Department 


Engine” ; 

SUN OIL COMPANY - Philadelphia 3, Pa. PG-5 sl 
In Canada: Sun Oil Company, Ltd.—Toronto and Montreal elt enal 
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A Fifty Year History and an Appraisal of the Present 


and Future of the Diesel Industry in America. 


FIFTY YEARS PROGRESS 


Adolphus Busch, father of the Diesel Industry in 


erica. 


The invention of the diesel engine was an epochal 
event—it ushered in a new era of efficient, low 
cost power. In the beginning it was a stationary 
engine. a source of power for factoriés. But its 
use soon spread to marine work. Its advantages 
over competing forms of power attracted increas- 
ing attention. Developments brought new forms 
of engines and adaptability to still wider uses. 
Today, “diesel” is a generic word in our language, 
embracing all compression-ignition engines. The 
correctness of the basic principles of the diesel 
engine have been adequately proven and widely 
recognized. At its birth, the diesel engine was 
the most efficient heat engine known, and it still 
enjoys that title today, fifty years later. 


Sometimes the industrial progress of this country 
is measured by the increase in the figure for horse- 
power used per working man hour. The record 
shows a steady and remarkable rise in this figure, 
hence it is said that we are living in a “power age.” 
\nd in this increase in the use of power, the 
diesel engine is getting an important share of 
attention because of its efficiency, its convenience 
and adaptability in use. In any application where 
the fuel must be bunkered, that is where the fuel 
must be carried with the engine, the Diesel can 
usually show its superiority. 


Before Rudolf Diesel invented his “Rational Heat 
Engine” as he called it, steam engines and internal 
combustion engines were well known. There were 
oil engines, engines that burned liquid petroleum. 
But it remained for Diesel to show how to build 
a more efficient engine. That was his intention 
and he succeeded. 
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EARLY POWER ENGINES 


it was early in history that man began to think 
of mechanical means of obtaining power. He 
learned that heat was a form of energy that could 
be transformed into work, if he could perfect de- 
vices capable of making this transformation. As 
early as 130 B.C., Hero of Alexandria described a 
small steam engine or turbine called an “aeoli- 
pile.” But it remained for James Watt in the 
late 1700s to build a steam engine that was able 
to pump water from coal mines and be commer- 


cially successful. 


The success of the steam engine attracted the 
attention of students who tried to explain its 
action. Thus thermodynamics, the science of con- 
verting heat into work, was founded. Men were 
thinking deeply on this subject in the early 1800s 
and a Frenchman, Sadi Carnot, developed and 
described what later became known as the Carnot 
cycle. Following the laws of thermodynamics, this 
was the most efficient heat cycle possible. And 
the science of thermodynamics made men study 


the steam engine critically. 


It taught them that steam was not the only working 
fluid that could be used in a heat engine. The 
hot air engine was born. There were several of 
them in the early 1800s and men tried to improve 
their efficiency in accordance with the laws of 
thermodynamics. Their efforts were soon blocked 
by failure of the materials used as the temperatures 
of operation were raised. This led to the develop- 
ment of the internal combustion engine, the en- 
gine where the fuel is burned inside of the work- 


ing cylinder. This enabled the use of higher tem- 
peratures for the working cycle and reduced the 
heat losses. The cycle efficiency was increased and 


the engine became more efficient. 


INTERNAL COMBUSTION ENGINES 


The ancestor of all internal combustion engines as 
we know them now was described by a Dutch 
scientist named Christian Huyghens in 1680. The 
engine was an open end cylinder with a piston. 
Gunpowder was ignited when the piston was at 
the bottom of the cylinder. The resulting explo- 
sion forced the piston to move upward, driving 
out the remaining gases and air through a system 
of check 
cylinder and upon cooling caused a vacuum. 


valves. Some gases remained in the 
Atmospheric pressure outside the cylinder forced 
the piston downward, and this movement inside 
the cylinder was connected to a simple drive shaft 
which did the work. This same method had been 
proposed two years previously by an eminent 
French mineralogist and chemist by the name of 
Abbe de Hautefeuille but no engines were actually 
built. Huyghens actually built a few small engines 


of his design 


History does not record further developments of 
this class of engines until 1791 when John Barber, 
an Englishman, patented an engine which was 
to be driven by the power derived from the explo- 
sions of a mixture of gas and air. It was essentially 
a turbine. The gas used was generated from solid 
or liquid fuel, ignited ‘n a vessel called the ex- 
ploder, the energy thus developed being exerted 
against the vanes of the turbine. 
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The first real gas engine was patented by another 
Englishman, Robert Street, in 1794. The piston 
in the cylinder was connected through a lever to 
drive a pump. ‘The bottom of the cylinder was 
heated by fire, this evaporated turpentine when 
introduced, the upward movement of the piston 
drew in air, an explosive mixture was formed, 
flame to a touch-hole ignited it, the resulting ex- 


plosion drove the piston and pumped the water. 


THE GAS ENGINE 


\bout 1799, Philip Lebou, a Frenchman, patented 
a gas engine where the gas and air were supplied 
by separate pumps, detonated in a separate com- 
bustion chamber and valved to the working cylin- 
der. He was soon followed by several inventors 
with similar engines of very ingenious construc- 
tion, but none of them appear to have attained 


any practical success, 


Rev. W. Cecil of Cambridge, England, read a 
paper in 1820 on an engine running at 60 rpm., 
with regular explosions, on hydrogen fuel. It ran 
from 1817 to 1820. 


Samuel Brown was granted patents in England in 
1823 and 1826. In his engine, the cylinder was 
filled with air, gas entered, it was ignited by a 
flame as it entered, flame filled the vessel, the 
air was expelled and the gas shut off, a water jet 
cooled the cylinder and condensed the gases. He 
used three cylinders to Continuous power. 
Commercial engines were built and used to pump 
water, They were called “gas vacuum” engines. 
They were used to drive a carriage in 1826 and 


a boat 1827, 


\ direct acting gas explosion engine with one 
double acting cylinder and with water jacketed 
and pistons was patented by 
W. Wright. It is doubtful whether it was 
actually buik. 


Lebon had proposed compression of the gas and 
air mixture in 1799 but it was William Barnett in 
1838 who first used it. He patented a single acting 
engine and two double acting engines. In all 
three of them, ignition took place as the crank 
passed the dead center. Barnett invented a cock 
for ignition which was widely used for fifty years. 
This cock or plug valve had a flame in a cavity 
which was lighted by an outside flame. Then the 
plug was turned to communicate with the explo- 
sve mixture which extinguished the fame. ‘The 


plug was turned again and the action repeated. 


From 1838 to 1854 there were eleven British 
patents on internal combustion engines but there 


was nothing especially new in any of them, 


\ new method of ignition was patented by A. V. 
Newton in 1855. There was a hollow cast: iron 
plug projecting into the combustion chamber that 
communicated with the working cylinder. A gas 
fame which was projected into the hollow of the 
plug maintained the metal at a red hot tempera- 
ture. As the piston uncovered a port between 
combustion chamber and working cylinder, com- 
bustion occurred. ‘This was the birth of surface 


ignition which has been so widely used since. 


The Barsanti and Matteucci engine of 1857 had 
two interesting features. Electric spark ignition 
was introduced for the first time. They also em- 
ploved the tree piston idea for the first time. The 
explosion drove the piston upward, gravity re- 
turned it, and a rack operated the crankshaft. Like 
its predecessors, it was not destined to become a 
practical prime mover but it did show a more 


economical use of fuel than any preceding engine. 


Up to 1860, all of the internal combustion engines 
had been experimental. ‘The inventors had sought 
to displace the steam engine which was the ac- 
cepted source of power, #iihough some hot ai 
engines had been used. ft was in that year that 
Lenoir, a Frenchsnan, had built in Paris to his 
designs the first practical gas eng:ne. This engine 
did not invelve much that was new but it did 
prove practical and ran smoothly. Electric spark 
ignition was used. In size, the engines were only 
of a few horsepower. However, over the next few 
years several hundred of them were built in France 
and England and used for many purposes includ- 
ing pumping water. One was installed in a road 
carriage and another one in a boat. Lenoir tried 
to improve his engine in efficiency but his efforts 
showed that he did not know or did not under- 


stand what had been accomplished previously. 


But others were not idle. Gustav Schmidt in 1861 
proposed compression of air and gas to three 
atmospheres. ‘This was the first evidence of a 
clear understanding of the benefits of conypression. 
Also in that vear, Million, a Frenchman, appar- 
ently unaware of the work of Barnett and Schmidt, 


clearly saw and stated the benefits of Compression. 


THE FOUR STROKE CYCLE 


Beau de Rochas in 1862 made some very valuabl 
contributions to gas engine deveiopment. He ad 
vocated the greatest cylinder volume with the leas: 
surface. showing an understanding of heat losse 
to the jacket water. He also advocated the greates 
possible rapidity of expansion, the greatest po» 
sible expansion, and the greatest possible pressu 
at the beginning of expansion. He proposed 

compression ratio of four to one, and that th 
combustible mixture be ignited by the heat c! 
compression. In order to accomplish all of thi 


he proposed the four stroke cycle as we know 
Hugon built an engine in 1865 similar to Lenon > 
but used the Barnett method of ignition, althous 
employing a slide valve instead of a plug vals 


In 1867 Otto and Langen exhibited a free piston 
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Left: Of 1895 vintage, this unit had an output 
of 2 hp. and would run on gas or gasoline. 


engine similar to the Barsanti and Matteucci en- 
gine but worked out mechanically finer. They 
used the principles of their predecessors but took 
the trouble properly to develop the details before 
offering the engine to the public. Their engine 
had a better economy than Lenoir’s or Hugon’s 
and dominated the market for the next ten years. 


Several thousand of them were built and sold. 


THE LIQUID FUEL ENGINE 


In 1873. Brayton, an American, produced a gas 
engine that was better in economy than the Lenoir 
or Hugon engines but not the equal of the Otto 
wnd Langen type. Since Brayton could not com- 
pete on gas fuel, he turned to petroleum, being 
the first one to use such a fuel. He used a felt 
covered metal grating located in the cylinder head 
and onto which the liquid fuei was delivered by 
4 metering pump. An air compressor pumped ait 
through the grating and the stream of air charged 
with fuel vapor absorbed in passing through the 
grating was ignited by the flame fed continuously 
by the fuel. It was very smooth running but not 
economical in the use of fuel. Built in several 
forms it was used for boat work. But it was not 
a commercial success. Even in those years it was 


evident that an engine had to be reliable and 
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An early application prophetic of destiny of 
internal combustion engines in the power field. 


economical in order to survive commercially. 


In 1876 Dr. Otto brought out an engine operating 
on the Beau de Rochas principles, called it the 
“Otto silent” engine, and made such a_ success 
of it that the four cycle principle of operation 
came to be known as the Otto cycle. Probably 
the success of the engine was largely due to the 
caretui’ working out of the mechanical details 
because Otto did not understand the benefits of 
compression. He tried to produce a slow explosion 
instead. However, these engines firmly established 


commercially the four cycle gas engine. 


THE TWO CYCLE ENGINE 


Dugald Clerk built the first two cycle engine in 
1881, although he proposed the idea a few years 
carlier. It was the first engine with a power im- 
pulse for every revolution of the crankshaft. An 
air pump was used and the transfer to the cylinder 


was at four pounds pressure. 


THE MODERN GASOLINE ENGINE 


Diamler in 1883 made the first small gasoline 
engine such as we know it today. He used a 
carburetor with open tube ignition, 


Clerk in 1882 and jenkin in 1884 cleariy saw and 
stated that compression of gases before ignition 


increased the economy. 


In 1885 Priestman introduced the spray vaporiset 
and electric ignition using high flashing lamp oil 


In 1886 came the first gasoline motor bicycle and 
a year later gasoline engine propelled boats and 
launches. It was Diamler who developed) small 
high speed engines with light moving party that 
attained speeds of from 800 to 1,000) revolutions 
per minute without sacrificing durability 
smoothness. Prior to his time, engines were of 
heavy construction and rotated at 150 to 200 rpm 
Diamler put his engine in a four wheel car in 
1886 and gave a powerlul boost to what we know 


now as automotive transportation, 


THE GASOLINE ENGINE IN THE 
UNITED STATES 


In the United States, Daniel S. Regan built’ and 
sold) gasoline engines in 1883 and 1884. In the 
latter vear he filed a patent for make-and-break 
electric ignition and it was granted on June 16, 
1885. For many years afterward, it was necessary 
to detend this type of ignition against the hot 
tube which was more commonly used. All of these 
carly engines were of the four cycle, vertical, single 
cylinder type and the gasoline was mixed with 
the air in a crude form of carburetor, ‘This was 
the beginning of the Union Gas Engine Co., 
established in 1885, and later to become the pres 


ent Union Diesel Engine Co. of Oakland, Calif. 


These engines were successful in commercial sers 
ice and gasoline was available as fuel. They were 
used for boats in San Francisco Bay and for rivet 
boats. In the late 1880s, horizontal engines were 
added to the line for stationary use. By the early 
1890s, multi-cylinder engines were being built for 
marine, stationary, and what it called today, indus 
trial type of applications. In 1892, this company 
offered a two cylinder marine engine with an 
integrally mounted marine reverse gear—in reality 


a reversible marine engine. 


By the early 1890s, Union marine gasoline engines 
were in use all along the Pacific Coast, up through 
British Columbia to Alaska; on inland rivers and 
lakes: in Hawaii, China, Japan, Mexico and New 


Zealand. 


By the late 1890s, engines were being built up to 
130 hp. in four cylinders. One of them was in 
stalled in a yacht, with a small engine for starting 
the main engine. Air starting had not yet been 
adopted. 


And in the Mid-West there was interest in gaso 
line engines. In 1881, John Charter and his son 
James A. Charter of Sterling, Hlinois began experi 
menting. On September 20, 1887, a patent was 
granted to John Charter for a two cycle gasoline 
engine with a mixing cylinder below the power 
cylinder for mixing the gasoline and air, and dis 
charging it into the power cylinder where it was 
ignited by an electric spark. Governing was by 
“hit and miss.” After some further development 


work, Charter enlisted the interest of H. W. Cald 
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TO START ENGINE. 


Fill oi] cups with des¢ /ard ett. Oil engine wherever oil cups 
or holes are shown. On Upright Engines, there is an opening on 
} side of cylinder, for oiling pin in piston. Oil this when engine is 


at rest and the crank is on the bottom of stroke ; never otherwise ; 
twice a day will be sudficient. 

If gasoline is used for fuel, fill Carburetor half full, never 
more, as the rest of the space is necessary for the evolution of 
the gas. 

If gas is used, turn it on and allow bag to fill. 

Examine battery and see that all thumb screws are tight and 
connections clean. See that barrel is full of water and jaucets 
open. 

I. Switch on battery. 

II. Open compression cock on side of engine (placed only 
on engines over two horse power). (Plate V) 

ItI. Turn gas valve “B™ to mark on dial (as notified) See 
Plate VII.) 

IV. Close air-valve “A” and turn fly-wheel around twice to 
the left to get air out of cylinder. (Plate VIL) 

V. Then open air-valve “A” to mark on dial (as notified) 
and turn fly-wheel two or three times as rapidly as 
possible, and engine will start at once 

VI. Now close compression cock, and full power will be 

obtained. 
TO STOP. 

Close gas valvé “ B,” turn switch of battery to word “ off” 
and see that engine crank is at the bottom of stroke, to prevent 
Electrodes being in contact. 


A quaint page, right, from an early catalog issued by 
Union Gas Engine Co., now known as Union Diesel Engine 
Company. 


This Union gasoline engine goes back to 1894—a marine 
model rated at 20 hp. 


Instructions, far left, for 

starting this engine show 

that it ran on gasoline or 

gas. It was one of the first 

marketed on the West 

Coast by Union Gas En- 
gine Co. 
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Marginal notes on the cut below tell the story of this 
2arly model. 


Two Hore Power Engine with Carburetor and Battery Attached. 


WO COAL - NO ABNES - NO EXPLOGION - NO ENGINEER 
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No + Igniting + Tubes + or » Burners 
NG DANGER OF FIRE 


The Charge Is Ignited im the (ylinder by an 
Hlectrie Spark from Battery Fursixhed 


Above left: Talk about “Dual Fuel"—they had i+ in the 1890's. 


valve gear. 


Above right: A gasoline hoisting engine—probably the first of this kind in 


America. 


Left: A Union, 35 hp. margine engine of 1895 
vintage—the first V-type model. 


Right: Described as a 50 hp., double cylinder 

Union marine engine, this model had patented 

reversing gear, ball thrust bearings and self- 
starter! 


Below left: An 1890 gasoline jaunch, 27 ft. long 
and powered with a Union 6 hp. engine. 


Below right: 3 hp. Union marine engine, 
1895. Note extended bed plate and en- 
closed reverse gear. 


Bottom view: Section of open launch show- 
ing Union gasoline engine midships. 


Note the 
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well and Son of Chicago, and some 300 of the 


“Caldwell-Charter” gasoline engines were built. 


[hese engines were among the first commercially 
successful stationary gasoline engines built in this 
country. They attracted the attention of Charles 
Hosmer Morse of Fairbanks, Morse & Co., who 
absorbed the business and brought James A. Char- 
ter to the Beloit, Wisconsin works to engineer 
more and better gas and gasoline engines. By that 
time the engine had become a four cycle attain 
and the first gasoline engine was shipped out of 
Beloit in 1893. 


But there is a bit of history as to how Fairbanks, 
Morse & Co. was founded and how the Beloit 
Works became and still is the home of the prime 


movers built by this company and its predecessors. 


In 1867, pumping water supply from wells was a 
common occupation, and the use of windmills for 
the same purpose was not uncommon. But the 
methods of governing the operation of them were 
evidently not satisfactory, for when in that year 
one Leonard H. Wheeler invented a new and 
simple method of doing the job, it proved to be 
the basis of a manufacturing business. This new 
method consisted of putting the windmill out of 
operation by swinging the rudder around parallel 
to the wheel. It was called the Eclipse windmill 
and the business was carried on in a shop in 
Beloit. 

In the 1820s, two brothers, E. and ‘Tl. Fairbanks 
went into business together, and when in 1831, 
Phaddeus invented what is now known as the 
platform scale, that was the beginning of the pres- 
ent company. Founded in St. Johnsbury, Vermont, 
this business prospered greatly and there was soon 
a wide demand for the new scales among the 
farmers, for the commercially minded Erastus 
Fairbanks thought he saw an opportunity. He 
hired “itinerant agents” and soon scales were sold 
not only all over this country but abroad. ‘The 
agent in Boston was Zelotus Hosmer, and in due 
course of events, his nephew Charles Hosmer 
Morse came into the sales end of the company. 
In 1857, a Mr. Greenleaf opened a sales office in 
Chicago to establish distribution in’ the rapidly 
growing west, and young Mr. Morse was sent there 
to assist him. In 1865, Mr. Morse went to Cin- 
cimnati to open a branch sales office and this was 
the first branch of the business to be known as 
Fairbanks, Morse & Co. Other branch offices in 
other cities were soon opened under that same 
name. After the Chicago fire of 1871, the local 
company resumed business also under the name 
of Fairbanks, Morse & Co. 


In 1880, Fairbanks, Morse & Co., under the lead- 
ership of Mr. Morse, took the general sales agency 
of the Eclipse windmill for all of their territory, 
and the windmill company was changed in 1881 
to the Eclipse Wind Engine Co. These windmills 
were sold to the railroads for pumping their tank 
water supply, and were geared to apply wind 
power to railroad elevators, to grinding and shell- 
ing machinery, and to all power purposes. Fair- 
banks, Morse & Co. had an interest in the new 


Eclipse company and thus this windmill was the 
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first prime mover built by the company. The busi-- 
ness prospered and soon more manufacturing space 
was needed. In 1886, the Eclipse company bought 
the plant “on the hill” then known as the Beloit 
Wagon Works and now the site of the Beloit 


fic tory. 


At about this time, Mr. E. E. Williams was experi- 
menting with a steam engine. Mr. Morse realized 
the sale potentialities of such a product and early 
in 1889, in conjunction with W. H. Wheeler, 
formed the Williams Engine Works. ‘This move 


put Fairbanks, Morse & Co. in the engine business. 


A vear later, Mr. Morse withdrew from this busi- 
ness and it was conducted alone by Mr. Wheeler 
for a brief period, but in 1893 the Williams Engine 
Works were acquired by Fairbanks, Morse & Co. 


and became a part of their business. 


‘That vear was an eventlul one for Fairbanks 
Morse. ‘Vhey had absorbed the Eclipse Wind En- 
gine, the Williams steam engine business, and the 


Charter gas engine. 


Steps were taken at once to increase the range of 
sizes of the gasoline engines offered. Soon there 
was a line of single cylinder horizontal engines 


ranging from 214 to 65 hp. 


In 1895, the company marketed the first small 
vertical engine, a 2 hp. affair, for gas or gasoline. 
Notice the box frame construction with the cylin- 
der bolted to the top of the frame, and the fly- 
wheel type governor carried over trom steam 
engine practice. This engine marked the begin- 


ning of the entrance into the farm engine business. 


Engineering development work continued wiih 
various modifications of spark ignition and dis- 
tillate engines. By 1898 there was the Type T 
vertical engine. It was widely known as the “Jack 


of all Trades” and was very successful. 


THE OIL ENGINE 


Herbert Ackroyd Stuart, an Englishman, applied 
successfully for the first time the idea of igniting 
petroleum oil by means of hot walls of the com- 
bustion chamber. He began his experimental 
work in about 1886 and was granted his first pat- 
ent in 1888. He built his first engine in 1890 but 
continued his efforts to improve the engine. He 
was granted more patents and Hornsby & Co. 


undertook to manufacture this engine. 


‘The engine was arranged with a small passage 
connecting the combustion chamber with the 
cylinder. ‘The piston compressed only the air 
which had been taken into the cylinder during 
the preceeding suction stroke. This compressed 
air was forced into the combustion chamber by 
the action of the piston. ‘Towards the end of the 
compression stroke, the proper amount of fuel to 
carry the load was metered by the fuel injection 
pump and injected into the passage between. the 
cylinder and the combustion chamber. The flow 
of air carried the fuel into the combustion cham- 
ber and into contact with the hot uncooled walls. 
The heat of the compression and the walls vapor- 


ized and ignited the fuel. Combustion and expan- 
sion of the gases into the cylinder during the 


working stroke ensued. 


The compression pressure was only 50 pounds and 
the fuel economy was not good, but the engine 
burned liquid fuel which the petroleum industry 
was making available in increasing quantities. The 
engine would burn kerosene with only infrequent 
Cleaning of the combustion chamber, but the heavy 
ier the oil used, the more frequent the cleaning 
It would, however, burn a wide range of petroleum 
fuels. In an expanding industrial world hungrs 
for power, this was an important and welcome 


characteristic. 


Fortunately, Stuart and the Hornsby Company 
took time to develop the engine betore offering 
it to the public. so that in 1894, when it was first 
exhibited, it became an immediate commercial 
success. “The engine became known as the Horns- 
by Ackrovd. Introduced into the United States 
by the De La Vergne Machine Co. (now a wholly 
owned subsidiary of the Baldwin Locomotive 
Works), who built them under license, Commercial 
production of the engines vegan in 1895. Over 
the ensuing vears a large number of these engines 


were built and applied to a variety of power uses. 


The original engine of this type built in’ this 
country in 1893 is now in the Smithsonian Insti- 
tute. Shown in the accompanying illustrations are 
sections through the commercial engines as they 
were built in later years and a typical indicator 
diagram. All of the engines were of the single 
cylinder, horizontal type, and operated at slow 
speeds. Fuel consumption was around three quar- 


ters of a pound per horsepower hour. 


THE FIRST COMMERCIAL OIL 
ENGINES IN THE U. S. 
The De La Vergne Machine Company was well 
equipped to build these oil engines. “The company 
had been founded in the early 1880s by John C. 
De La Vergne, to build refrigerating machinery, 
especially ammonia compressors. Its experience 
in this work gave the company a good background 
for building oil engines. The pressure conditions 
in the two types of machines, the materials used 


and the construction was not too dissimilar. 


At about this time, another oil engine was devel- 
oped in this country. Carl W. Weiss, who was 
born in Germany and educated there, in 1876 
came to visit the Centennial Exposition in Phila- 
delphia and decided to stay permanently in the 
United States. He was of an inventive turn ot 
mind and experimented with and patented several! 
hot air engines and other mechanical items. Then 
he turned his attention to oil engines. In 1893 he 
built his first two cvcle, hot tube ignition oi! 
engine and it was ready for commercial produc 
tion the following year. He joined with August 
Mietz, owner of a foundry in New York City, to 
form the Mietz & Weiss Engine Co. and they did 
a successful business with these engines for many 
vears. In due course, the hot tube ignition was 
succeeded by the hot bulb, and the engine became 


known as a surface ignition engine. 
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-st Hornsby-Akroyd oil engine in U.S., built in 1893 

-, De LaVergne Machine Company, now a wholly owned 

ubsidiary of Baldwin Locomotive Works. This engine is 
in the Smithsonian Institute. 


ir seems as though all of this iong period of de- 
velopment was necessary for laving the ground- 
for the events that were to come. It took 
expereince and the efforts of many men to 

aun the results that had been reached. By the 
1800s there were being built commercially, 

m engines, steam turbines, gas engines, gaso 
engines and oil engines. Many variations in 
echanical form of these cngines had been tried. 
the details of the Construction of internal com- 
vistion engines had been worked out. The de- 
signing engineers who had worked on these en- 
zines were not entirely strangers to the problems 


tothe heat stresses involved. 


but at that period engineers evervwhere were in 
arch of an engine that would secure better ther- 
mal efhciency than steam engines with their ten to 
twelve percent. It is true that existing internal 
combustion engines compared very favorably with 
steam engines as far as utilization of the energy 
ontained in the fuel was concerned, but that 


benefit was cancelled out by many disadvantages. 


High powered gas engines could be operated eco- 
nomically only where sufficient quantities of blast 
furnace or coke oven gas were available. Gas 
producers for smaller gas engines were not fully 
developed and not safe enough operation. 
Other internal ombustion engines operating on 
liquid fuels, such as petrol, benzol, and alcohol, 
were built for small outputs only, and their instal- 
lation, owing to the danger of fire in the handling 
wud storage of fuel, was subjected to strict regula- 


tions which proved a severe handicap. 


RUDOLF DIESEL 


Into this situation came Rudolf Diesel. The events 
which led up to his interest in heat engines and 
the invention of the diesel engine are interesting. 
Call him a genius or what you choose, but the fact 
‘mains that even in his boyhood it was evident 
‘t he was different and stood apart from his 
ides. Of a rather sensitive nature, he was 

‘ous minded boy and a brilliant student. His 

life seems to have been made up largely of 

of tragic and happy events. Frequently 

ut ‘most from one extreme to the other. But 
a stuc. of his ancestry and early life help us to 
understand how he came to invent the “rational 


‘eat engine,” which became the most efficient heat 
nvine, and how he came to contribute such a 
toy share of the efforts needed to carry the idea 
over into a commercial success. The events of his 

''\ life served to develop the character he needed 


carry through later. 


DIESEL’S BACKGROUND 


‘isel’s ancestors came from Poessneck, Thuringia, 

many. His father was Theodor Diesel, a leather 
gecds merchant by trade. His mether was the 
da.ghter of a Paris business man. Rudolf Chris- 
tian Charles Diesel was born in Paris on March 
18, 1858. Rudolf was brought up very strictly at 
home. The family means were limited and so 
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Above: Section through cylinder of the De La- 

Vergne oil engine, showing combustion chamber 

connecting with the cylinder through small pas- 
sage. 


Fiy.5 SECTION THROUGH WATER 
COOLED AIR AND EXHAUST 
VALVE BON 


j 
| 


Below: Transverse section of the above engine, 

known as type “HA,” showing valve gear. Also 

shown is a typical indicator diagram. Note com- 
pression was in the order of 50 psi. 
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Latest portrait of Dr. Diesel. Courtesy Caterpillar Tractor Company. 


Rudolf and his two sisters had to forego many 
things that other children had. The parents spoke 
mostly German at home and when Rudolf went 
to school in Paris he found few chums and had 
to withstand ridicule because of his poor French. 


His inventive turn of mind displayed itself early 
in occasional experiments at home, for which he 
was usually punished. But at school he became 
a foremost scholar, and at the age of twelve re. 
ceived a bronze medal from the Palais de L’Indus- 
trie. He showed top skill in his drawing work. 
A nearby museum with all of its machinery ex- 
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hibits was a special attraction to him. 


When, in 1870, war broke out between France 
and Germany, the position of such German fami- 
lies as the Diesels became intolerable and it was 
necessary to flee to London. There it was difficult 
for Rudolf's father to get started’in business again 
after having lost all in Paris. But living in Lon- 
don did give Rudolf the opportunity to wander 
through the British and South Kensington Mu- 
seums and absorb some of the mechanical ideas 
shown. Before long the family decided to go back 
to Germany, and in November 1870, Rudolf pre- 


ceeded his family and went to Augsburg, Bavaria 
in Germany to live with an uncle. 


Rudolf soon entered a technical school there, his 
tuition being paid by an old family friend. He 
quickly became one of the best pupils. On August 
6th, 1872, a public contest was held to determine 
the topmost scholar, and Rudolf Diesel won the 
honor at the age of fourteen. He finished this 
school in September, 1873 with such an excellent 
scholastic record that a bankers family of Stetten 
provided funds for attendance at the Industrial 
College of Augusburg, where he entered on Octo- 
ber Ist, 1873. 


It was here that Diesel acquired his first knowl- 
edge of the basic laws of gases. In the physics 
department there was an apparatus like a bicycle 
pump that would compress air and produce flame 
when a combustible solution was injected. His 
parents wanted Rudolf to become a mechanic and 
earn some money to add to the family’s meager 
income, but he pleaded to continue his studies. 
In 1875, Rudolf graduated from the Industrial 
College with final examination marks of nearly 
100 per cent. In recognition of this achievement, 
Professor Bauernfeind gave him enough money 
to carry him through the highest technical school 
in Munich. 


So at the age of eighteen years, Rudolf Diesel 
entered the mechanical department of the Poly- 
technic University of Munich. He was deter- 
mined to become an engineer and he was attend- 
ing one of the finest technical universities in the 
world. He was fortunate to be able to study ther- 
modynamics under the famous Professor Cari 
Linde, who was known for his work in refrigera- 
tion. The steam plants of that day had a thermal 
efficiency of only about 10 per cent, and young 
Diesel noted this. In fact he made copious notes 
at all lectures and of his own ideas. His notebook 
of 1878 carries the definite intention to design 
an engine with highcr thermal efficiency. In July 
1879, when he was preparing for his final examina- 
tions, he was taken ill with typhoid fever. Al- 
though he soon recovered, he missed his examina- 
tions and had to return to the University later 
to take them and to graduate. 


Professor Linde had long before noted Diesel’s 
technical ability and the fact that he could speak 
both French and German fluently. So in October 
1879, it was arranged for Diesel to go to Sulzer 
Brothers works at Winterthur, Switzerland to serve 
an apprenticeship in the shops and learn the 
manufacture of steam engines and refrigerating 
machinery. This lasted for several months, and 
early in 1880, he returned to Munich for exami- 
nations and his degree. He attained the high:st 
marks in the school’s records in his examinatio.s. 
Shortly afterward he received his doctor's degree. 


He returned to Sulzer Brothers, and in March 
1880 was assigned to the installation of Lisle’s 
ice machines in Paris. Diesel soon became an ex: 
pert on refrigerating machinery and also acqured 
a great deal of business experience. On Oct«bet 
24, 1881, he was granted his first patent by the 
French Government for an improverfent in mak 
ing ice, to make it crystal clear. Diesel offered 
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Tune in the Auto-Lite Radio Show Starring 
Dick Haymes—Thursday Nights, 9:00 P.M. 
—E. T. on Columbio Broadcasting System 


quipment 


@ Auto-Lite electrical systems for Diesels are com- 
— from generator to voltage control to battery 

o starter. Thirty-six years of experience building 
generating and starting systems assure the 
dependable performance which has made Auto-Lite 


the world’s largest independent manufacturer 


of automotive electrical equipment. Engineers 
and executives are invited to consult with us on 


cranking and generating equipment. 


THE ELECTRIC AUTO-LITE COMPANY 
Sarnia, Ontario Toledo 1, Ohio 


BATTERIES: 
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Rudolph Diesel and Martha Flasche at the time of their marriage in 1883. Photographs from “Diesel.” 


this patent to Prof. Linde and to Sulzer Bros. but 
neither of them were willing to undertake the 
development work. Then he approached Hein- 
rich: Buz, director of the Maschinenfabrik Augs- 
burg, who agreed to accept it. This was the be- 
ginning of a warm and prophetic friendship be- 
tween these two men, 


At about this time, Rudolf Diesel met a young 
German woman by the name of Martha Flasche, 
and about two years later, on November 24, 1883, 
they were married in Munich. Since Diesel’s busi- 
ness was still in France, they first settled in Paris. 


Although Diesel was busy with his regular work 


Left: Patent drawing from "Diesel" of Diesel’s first 

“Rational Heatmotor.” Note inserts showing op- 

eration of rotating valve, also theoretical indicator 
diagrams. 
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with refrigerating machinery, he found time to 
think about and study his improved heat engine. 
He made many sketches and even hired a drafts- 
man to make designs. When the Otto and Langen 
engine was announced in 1887 with nominal com- 
pression, Diesel had to change his designs. A lec- 
ture by the eminent engineer Polonceau on March 
18, 1888 on new principles in’ thermodynamics 
gave Diesel new concepts for his engine. Diplo- 
matic relations between France and Germany were 
becoming strained and Diesel was finding it un- 
comfortable for him to do business in Paris. So 
when Linde offered Diesel an opportunity to go 
to Berlin, Diesel accepted and moved there in 
February 1890. 


Although Diesel still carried on his refrigeration 
work for Linde, the idea of a more efficient heat 
engine took more and more possession of his mind. 
On November 15, 1891, he wrote: “Twelve years 
have I tended this flower with hope and devotion 
and now I am going to pluck it and enjoy the fruit 
thereof.” He had compared his ideas with all 
known internal combustion engines and had con- 
cluded that they were quite different from what 


he had in mind. 


THE DIESEL PATENT 


On February 28, 1892, Rudoif Diesel applied to 
the then Imperial Patent Office of Berlin for pro- 
tection of his invention “Working principle and 
design of an internal combustion engine.” His 
application was made public on January 16, 1893, 
and a skort time thereafter a German patent No. 
67207 was granted to him, the leading claim of 


which runs as follows: 


“Working principle for internal combustion en- 
gines, characterized by pure air or a mixture of 
other indifferent gas and pure air being com- 
pressed by the working piston in a cylinder to 
such a degree that the temperature thus produced 
is far higher than the ignition temperature of the 
fuel to be employed, whereupon fuel is gradually 
admitted after dead center, so that combustion, 
owing to the back travel of the piston and the 
consequent expansion of the compressed air (or 
gas), takes place without a noteworthy increase of 
pressure and temperature, the gas in the working 
cylinder being then further expanded upon com- 
pletion of the fuel feed.” 


It must be remembered that at the time Diesel 
was working on the idea for his engine. the most 
generally available fuel and the cheapest fuel in 
Germany, was coal. Diesel’s early thinking was 
along the lines of the most efficient heat engine 
using the fuel generally available. Later, consid- 
eration was given to the use of liquid petroleum 
fuels, although Diesel’s main idea was always 
about the most efficient heat engine regardless o! 
what fuel was used. 


Only a man of bold imagination would have ha: 
the courage to cut loose from the thinking of the 
times and project the proposition he did. Whe» 
he obtained his first patent in 1893, he wrote 01 
the margim of it: “Each individual railroad car 
will be provided with its own engine, which can 
easily be done with the proposed engine. The 


DIESEL PROGRESS 


MAY 1948 


ag = 
‘ 
oa 
Fig Figs ) 
A 
° 
J 3 
(Sa =. — 
lel 
ic 
: Cw 
\/ 
— 
J 
! it 
SS 
As 
hi BEG, 
C) < 
: 
| 
| 
WAV 
Fig 
| KR 
| ISS 


1 time to 


at engine. 
1 a drafts- 
id Langen 
linal com- 
ns. A lec- 
on March 
pdynamics 
ie. Diplo- 
nany were 
ing it un- 
Paris. So 
lity to go 


there in 


rigeration 
cient heat 
his mind. 
elve years 
| devotion 
y the fruit 

with all 
had con- 


rom what 


pplied to 
n for pro- 
ciple and 
ne.” His 
16, 1893, 
atent No. 


claim of 


istion en- 
ixture of 
ing com- 
lander to 
produced 
ire of the 
gradually 
mbustion, 
and the 
d air (or 
wcrease of 
working 
pon com- 


ne Diesel 
the most 
st fuel in 
king was 
at engine 
consid- 
etroleum 
is always 
ardless o! 


have had 
ng of the 
d. When 
wrote 0} 
lroad car 
fhich can 
ine. The 


ROGRESS 


|| 


.-- Rates Slashed up to 50%! 


November 20, 1947 was a big day in Carlin, Nevada. 
On that day the four heavily overloaded generator units, 
three of them quite old, were relieved by the Enterprise 
DSG-6 Diesel you see above. On that day all the rigid 
restrictions governing the use of municipal electricity 
were removed. Residents and commercial users alike 
breathed a sigh of relief, knowing that their new power 
plant could easily serve all their needs—with plenty of 
reserve to take care of the town’s future growth. 

That’s just a part of the story. 

L. T. Doxey, Carlin’s Town Clerk, wrote us in behalf 
of the Council on February 16, 1948: “We are pleased to 
advise you of our new and lower light and power rates. 
These rates were made possible due to the improved engine 
operating conditions brought about when our plant was re- 
designed and the Enterprise Diesel Engine was installed. 
The increased efficiency of this new engine over the older 
units, plus the increased KW output of the plant, is responsi- 
ble for this savings to our consumers.” 


Carlin’s new sliding-scale rates show savings to con- 
sumers that range up to 50%. With a higher KW capac- 
ity than ever before—275 KW, fuel consumption has 
dropped 2,000 gallons a month. 

Your community—or plant—can expect this same 
high degree of efficiency and savings when you specify 
ENTERPRISE Diesels to meet your replacement or ex- 
pansion needs. 


Choice of Power Experts... Everywhere 


ENTERPRISE ENGINE 


AND FOUNDRY CO. 


18th and Florida Sts. 
San Francisco 10, Calif. 


Offices in Principal Cities 
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Autograph letter of Rudolf Diesel to Chief Engineer, Joseph 
Krumper, of Augsburg, October 13, 1892 


Berlin, Oct. 13, '92 


Herr Chief Engineer Krumper, 
Augsburg 


Dear Sir: 

Herewith | take occasion to thank you heartily for the 
friendly reception which you accorded to me in Augsburg. 
And | also take occasion to repeat by request for your assist- 
ance in carrying out the tests with the new engine. If you 
should devote your experience, which is highly appreciated by 
everybody, to the new enterprise, its success will be guaranteed 
in advance. The aim is a high one, both in the technical and in 
the business sense; it is rewarding and worth every effort. 

Along with my request | also send you my highest regards, 
and | remain, my dear sir, 


Yours devotedly, 
Diesel 


newer, huge boat steam engines occupy from four 
to five eighths of the vessel's space. The weight 
of the engines, boilers and coal requires the major 
part of the ship’s carrying capacity. It is hard to 
fathom how much can be gained here by smaller 
engines, lower coal consumption, elimination of 
the boilers. In spite of the engines being just as 
powerful, the boats may be built much smailer 
and yet be able to carry more practical load and 
run faster.” Diesel had a clear understanding 
of the supplementary effects which could be ac- 
complished with a truly efficient heat engine in 
place of inefficient steam engines then in use. 


WHO WILL BUILD THE 
EXPERIMENTAL ENGINE? 


Someone had to build the experimental engine, 
so Diesel set out to find that plant and contacted 
such firms as the Maschinenfabrik Augsburg, 
Krupp of Essen, Sulzer Brothers of Winterthur, 
Switzerland, and Carel Freres of Ghent, Belgium. 
He was turned down by all of them. A letter 
dated April 2, 1892 from Augusburg which also 
expressed a refusal, contains the following passage: 
“We are sorry to say we are not interested in 
the manufacture of the engine under considera- 
tion We have very seriously gone into the matter, 
but in our opinion the difficulties involved are so 
great that we cannot take it up.” 


However, Diesel did not allow such refusals to 
crush his enterprising spirit, but prepared the 
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publication of a brochure entitled “Theory and 
Design of a Rational Thermal Engine to Replace 
Steam Engines and Known Types of Internal 
Combustion Engines,” 
strated the economic advantages of his engine 


in which he clearly demon- 


over all other known types, attributing the success 
to the new working principle, not to improvements 
in the design or other modifications of the existing 
engine types. In the fall of the same year, he 
again suggested to the Maschinenfabrik Augsburg 
that it take an active interest in the construction 
of an engine to his design, this time presenting 
more comprehensive data and relying on the ex- 
pert opinion of Professor Linde and Professor 
Schroeter, of Munich, and Geheimrat Zeuner, of 
Dresden. 


The memoirs of Josef Krumper, then chief de- 
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/. 


signer of the steam engine department, which are 
kept in the M.A.N. records, contain an interesting 
note on Diesel’s invention which is characteristic 
of the general opinion expressed at that time: “In 
the same year (October 1892) Mr. Rudolf Dies«|. 
an engineer, asked the Maschinenfabrik Augsbuig 
to support him in his endeavours to construct a 
internal combustion engine. His far-flung pla. 
aimed at taking the fullest possible advantage »f 
pulverized coal injected into a cylinder by direct 
combustion therein and thus to eliminate the steam 
engine and the boiler on which it is dependent. 
The long theoretical essay which he produced |r 
our consideration had no convincing effects as \v¢ 
visualized the enormous difficulties that wow'd 
But as there had been a 
tendency for years to improve thermal efficiency, 
Krumper advised the management to take up 


have to be overcome.” 
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Diesel’s plans, the more so as it was suggested to 
leave coal out of consideration in the initial stage 
ind to use light oil instead. 


short time thereafter, Diesel published _ his 
vochure that had been printed in the meantime 
and produced a storm of criticism immediately 
after it became known. As Diesel himself ex. 
pressed it, comments were “generally very unfavor- 
able, or, strictly speaking, crushing.” A flood of 
nsinuations was raised against him, and the novel- 
ty of his idea was contested on the strength of 
several allusions to the problem that were found 
'n contemporary publications. 


Though the ultimate outcome of that research 
work was an engine which departed in many re- 


spects from the basic ideas which Diesel had ex- 
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pressed in his original patent description of 1892 
and in his brochure of 1893, the final success of 
his collaboration with the Maschinenfabrik Augs- 
burg was so overwhelming that even the worst 
of his critics could no longer close their eyes to it. 


CONSTRUCTION OF A TEST 
ENGINE IS AGREED UPON 


The first Augsburg design of the new engine was 
made as early as October 1892, without there being 
any written agreement. On February 21, 1893, a 
contract between Diesel and the Maschinenfabrik 
Augsburg was definitely entered upon, and the 
latter undertook to construct an experimental 
engine within a period of six months after com- 
pletion of the drawings, and to make trials with 
it. In exchange for that undertaking, the Mas- 


Agreement between the Maschinenfabrik Augsburg 
and Rudolf Diesel of February 21, 1893. 


AGREEMENT 
Page | 


between the Aktiengesellschaft. Maschinenfabrik Augsburg, of 
Augsburg, on the one side, and Rudolf Diesel, engineer, of 
Berlin, on the other side. 

Herr Diesel is the owner of German Reich's patent No. 
67207 of February 28, 1892, on “Method of Operation and 
Design fur Combustion Power Engines," and concedes to the 
Maschinenfabrik Augsburg the exclusive rights for building and 
sale of stationary Motors in which use has been made of the 
said patent, under the following conditions: 


The Maschinenfabrik Augsburg is given the manufacturing 
and sales rights 

a) For the States of Bavaria and the Rheinpfalz, Wurtem- 
berg, Baden, and in these lands neither the owner of the patent 
nor anyone else licensed by him shall exercise the said rights. 

For all other lands of the German Reich in such wise 
that the patent owner ............ 
Page 4 
“Design for Combustion Power Engines,"’ and patents in 
addition thereto is granted, and it (the licensee) has no more 
to pay than the patent royalties as set forth in the preceeding 
paragraph 2. 

Improvements relating to the construction and design of the 
motor for the engine must be immediately reported, on request, 
to the Maschinenfabrik Auqoure. even if they have not been 
patented; on the other hand, Herr Diese! will cove the right to 
use all pertinent improvements that have been added by 
~~~ sees Augsburg, even though they have been 
patented. 


5 
The Maschinenfabrik Augsburg is obligated to build, within 
six months, an experimental engine for Semvoree about four 
horsepower and to set it up in its factory, ready for operating 
of Herr Diesel, and then proceed im- 


according to the plan 
mediately with the test. 


Should the Maschinenfabrik Augsburg receive complete 
to 20 horse 


specifications for the delivery of motors of—up - 
power in three months, over 20 to 200 horsepower within six 


Page 6 
This conventional- ity is to be paid only when a clear 
case of violation can Be shown. 


8 
The duration of the present qprocment will coincide with the 
period of the validity patent No. 67207. 


9 
lf Herr Diesel or his legal successor should sell the said 
patent No. 67207, the subsequent owner of the patent will con- 
tinue to be bound by the ae of the present agreement. 
Augsburg, 2! February, 1893. 


Rudolf Diese Maschinenfabrik Augsburg 
H. Buz, Director 


chinenfabrik Augsburg was granted definite and 
exclusive manufacturing and sales rights for South- 


ern Germany. Diesel now had his chance. 


This was a challenge to Diesel. He was sincere 
in his convictions that he had invented the most 
efficient possible heat engine, he had in his en- 
thusiasm sold his idea to others who were to pay 
for its development, and now he had to make 
good. 


Many unexpected difficulties appeared and the 
final completion of the first engine seemed to be 
considerably delayed. There was public criticism 
of Diesel by Kohler and Capitaine who had engine 
ideas of their own. But Diesel carried on, yet he 
realized that although he needed the income from 
his refrigerating business he should devote all of 
his time to his new engine development. He ac- 
cordingly turned to Baron Krupp of Essen, and 
gained the Baron's aid. On April 10, 1893, a 
contract was signed between Diesel and the Krupp 
firm giving Diesel an annual salary and agreeing 
to share the engine development expenses at Augs- 
burg. Thus two of Germany's most important 
manufacturing firms with their resources were 
placed squarely behind the development of the 
new engine. This was one of Diesel’s great accom- 
plishments, and he was now free to concentrate 
all of his energies on the single objective 


On April 25th, Krupp and Augsburg entered 
upon a mutual agreement in respect of the experi- 
ments to be made with a view to the development 
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Diesel's first experimental engine. Note gear-driven cam- 
shaft, center, and valve push rods from thence to rocker 
arms atop the cylinder head. Cylinder seen left con- 
tained injection air. 


of a practical engine. The experimental depart- 
ment was installed at Augsburg where the Mas- 
chinenfabrik Augsburg undertook to build and 
test the first experimental engine, expenses to be 
defrayed jointly according to the contract. 


THE FIRST EXPERIMENTAL 
ENGINE 


After the first Augsburg drawings had been sub- 
mitted to him, Diesel got out a further design. 
This engine, of 150 mm. piston diameter and 400 
mm. stroke (about 57% in. x 1534 in.) and a cal- 
culated output of about 5 bhp. was built under 
Diesel’s supervision and therefore should have 
operated in exact accordance with the principle 
described in his brochure. It was intended to run 
that engine on liquid fuel, and to keep the diffi- 
culties that were to be expected within reasonable 
limits, benzine and lamp kerosene were selected 
for the purpose. Trials with solid or gaseous fuels 
were not contemplated for the time being. Cylin- 
der cooling was not provided. 

Several years later, in 1913, Diesel referred to this 
first engine and wrote: “In reference to the test 
conducted at Augsburg, it was considered from the 


beginning that the most important goal to reach 
was te application ot ‘Liquid Fuel,’ and the trst 
engine was designed and built for the use of 
Liquid Fuel only, contrary to the often expressed 
opinion, that the first experiments were conducted 
with powdered coal and that ‘Liquid Fuel’ was 
only a secondary consideration, I also wish to state, 
that the first fuel ordered for the tests was a very 
heavy fuel oil, a tarry thick flowing oil ‘Pechel- 
bronner Crude Oil,” it was a thick, brown sub- 
stance, very hard to ignite, in fact, at room tem- 
perature the oil could not be forced through the 
pipe lines. ‘To eliminate the difhculties in treating 
this fuel for test purposes, it was decided to con- 
duct the first tests with ‘Benzin’ and ‘Kerosene’ 
as used for lighting purposes in house lamps, the 
study of the crude oils was postponed until such 
time that there would be a commercial Diesel 


Engine available.” 


The design of the first test engine was primitive. 
In accordance with Diesel’s original theory, the 
cylinder and the cylinder head were unjacketed. 
There was a crosshead running in guides in the 
engine frame down below the cylinder. The cam- 
shaft was low, located on the side of the frame. 
and the valves were actuated by long pushrods. 
The starting air storage chamber consisted of a 
piece of wrought iron pipe with riveted flanges 
at the ends. There was no air compressor on the 
engine. The fuel was injected directly through 
a needle valve. The combustion chamber was a 
deep pocket in the upper part of the piston. It 
was designed and built as simply as possible to 


try out a very novel idea. 


When Dr. Diesel came from Berlin to Augsburg 
on July 16th, 1893, he found the test cylinder 
already mounted but much was yet to be made 


and assembled. 


Two ot the best plant engineers, Vogel and Linder, 
had been assigned to assist only Dr. Diesel and 
the work really began in earnest. It took about 
three weeks to complete the remaining assemblies 
and early in August, 1893, the time approached 
to conduct the first running test. ‘The engine of 
course, could not start under its own power, being 
a single cylinder affair prepelled by overhead 
factory shafting. 


FIRST TEST FAILS 


Dr. Diesel expected during the running-in period 
to determine the exact compression. If his prin- 
ciple was basically right, it should prove itself then 
or else he would be defeated. The disappoint- 
ment came quickly. During the first tests, the 
compression pressure could not be carried beyond 
18 kg./cm.? (256 Ibs. per sq. in.), and large nega- 
tive areas and losses of work were observed in the 
diagram. The piston and cylinder ran so hot from 
internal iriction that the entire motor vibrated 
and the cylinder walls were heavily scored. Ex- 
perience and proper material were evidently lack- 
ing, and this trouble had to be eliminated before 
any fuel could be injected. After some retouching 
work on the piston and valves, the compression 
was gradually increased to 21-22 kg./cm.? (300-312 
Ibs. per sq. in.) and finally to 33-34 kg./cm.? (470- 
484 lbs. per sq. in.). 


‘Twenty days after the beginning of the trials, the 
decisive moment arrived to try the engine under 
its own power. The engine had been hooked on 
to the overhead shafting, and Dr: Diesel stepped 
forward to the auxiliary fuel pump and injected 


one single jet of benzine. 


A terrific explosion followed, and the cylinder 
head with the compression indicator flew in pieces 
past the head of the engineers and imbedded in 
the ceiling. The engine had proven the Diesel 
theory and success was asured. Diesel knew that 
all he had to do was to redesign his engine to 
confine this tremendous power within the com- 


bustion chamber. 


Although the indicator had been destroyed in the 
explosion, a pressure of 80 kg./cm.? (1138 Ibs. per 
sq. in.) had been recorded on the diagram. The 


actual pressure may have been much higher. 


REBUILD TEST ENGINE 
In the following weeks the parts destroyed by the 
explosion that almost cost Dr. Diesel his life, were 
quickly replaced, and corresponding engineering 
changes made. New tests were conducted care- 
fully. The detonations however continued in a 
lesser degree and the exhaust shot heavy clouds of 
black smoke and occasionally enough flame to scare 
the workers out of the building. To allay their 
fears Dr. Diesel then piped the exhaust outside. 
During these tests the engine actually made one 


complete turn or cycle under its own power. 


In its initial stage, the first engine could not pro- 
pel itself, and assuredly was not able to produce 
commercial power. Dr. Diesel therefore began 
to record each stage of impiovement on diagrams 
carefully drafted from facts indicated by his com- 
pression gauge. Gradually it registered increased 
horsepower, while the cylinder head had to be 
removed periodically to eliminate carbon deposits. 
The valves and piston rings repeatedly let air blow 
by which affected compression considerably. 
Diesel’s mind again worked feverishly but he soon 
realized that the combustion chamber did not 
have the proper size, shape or location. In late 
years Dr. Diesel reported that the solving of this 
problem was the most difficult development. What 
today is conceded as an old established fact had 
actually to be determined and painfully worked 
out by someone in the beginning. 


After 38 days, all test possibilities had been tota!- 
ly exhausted on that first engine and further work 
on it was abandoned. Diesel believed it best to 
build an entire new one that would embody ail 
improvements basically necessary. It would have 
been too difficult to correct all che errors disclosed 
on this first engine. Nevertheless it was proclaimed 
a success, as it did prove the feasibility of his 
theories. 


Diesel made detailed notes from the first day of 
the trials, and his records which are now kept in 
the Deutsches Museum at Munchen clearly reficct 
a strenuous struggle for the realization of an adca. 


In the calculations and notes bearing on the ¢ 
..... And now please turn to page 24 ..... 
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designing of the engine, September 1893, it is said, 
“On the basis of the data collected in the course 
of the first series of trials, modifications should be 
made as follows: making of a new piston, separate 
arrangement of inlet and exhaust valves and im- 
proved injection device. In laying down this 
program, provision has been made to have every 
item thereof checked by tests carried out with 
different designs. Further, arrangements have been 
made this time for water cooling of the cylinder 
and cover, although the first trials have not proved 
this to be necessary, but it will give us an oppor- 
tunity to determine the influence which cooling 
as such exerts on the process and the satisfactory 
Finally, 


this time compression is not to exeeed 50-60 


lubrication and tightness of the piston. 


kg./cm.2 (711-853 Ibs. per sq. in.), since the process 
takes place in a satisfactory manner below that 
limit, so that there seems to be no need of pushing 
the compression further up. Nevertheless calcula- 
tions should be based on 90 kg./cm.? (1280 Ibs. 


per sq. in.) to allow for higher pressures.” 


Since direct tuel injection had not given satisfac- 
tory results, Diesel also considered injection by 
compressed air and suggested a device for carrying 
out such tests. The results of those early tests, and 
possibly also the suggestions received from his 
Augsburg collaborators, induced Diesel to apply 
for a second patent on November 30, 1893, which 
was granted on July 12, 1895, number 82168. 


With this patent, Diesel abandoned the process 
for which he had previously secured protection, 
the essence of his new patent being another work- 
ing principle, viz. variation of combustion curves 
for varying outputs under varying pressure and 
varying duration of fuel injection. The adoption 
of this principle, in conjunction with the use of 
compressed air injection of the fuel, for which a 
patent application had been lodged simultaneous- 
ly, became the basis of the ultimate success of 
the Diesel engine. 


THE REBUILT ENGINE 


Before the end of the year 1893 Diesel had _ his 
first engine completely reconstructed, especially 
the cylinder unit to eliminate the troublesome fric- 
tion and detonations. 


This rebuilt engine had a base similar to that of 
the first engine. The cylinder and the cylinder 
head were water jacketed in order to maintain the 
metal at the proper operating temperature. The 
camshaft was moved up to a level just above the 
top of the cylinder head and it was driven from 
the crankshaft by a vertical shaft and gearing. All 
of this changed the appearance of the engine 
considerably. But the most important difference 
was the air compressor which supplied air for 
injection of the fuel. 


On January 18, 1894, the re-built engine was 
ready for anotlier test. The fuel to be used was 
petroleum and separate tests of the auxiliary pump 
revealed a number of difficulties. Finally the en- 
gine was coupled to the factory shafting and re- 
sponded immediately to the full satisfaction of the 
engineers gathered around for the occasion. Com- 
bustion appeared excellent but the exhaust still 
spit plenty of flame. 


New tests followed in countless numbers. 


Dr. Diesel then applied air pressure to the injec- 
tion pump at a greater pressure than prevailed 
inside the combustion chamber, an idea he was 
afraid to attempt heretofore. This resulted at 
first in incomplete combustion of the injected 
petroleum, but produced several complete revolu- 
tions. Dr. Diesel and his assistant engineer Linder 
then manipulated the adjustments on the fuel 
injection apparatus and the combustions became 


gradually quieter and more even. 


UNDER ITS OWN POWER 


After numerous trials and adjustments, the engine 
first ran under its own power on February 17, 
1894. In its first actual operation, it ran only a 
few minutes at intervals at a speed of about 88 
revolutions per minute. In spite of this, the event 


meant much to Diesel and his associates. 


Many 
parts failed or became damaged or practically 
melted from the heat within the combustion cham- 
ber. One by one they were improved and _re- 
placed. Gradually the engine grew quieter. The 
indicated horsepower rose to 131%. For the first 
time, indicator cards covering the whole cycle were 


obtained. 


Diesel did not realize that he was actually near 
complete success and he tried experiments which 
all turned out sadly. Some of his sponsors were 
becoming doubtful and impatient, and he had to 
meet those attacks. Little wonder that Diesel went 
to his family home in Berlin in September, 1894, 
ill and unhappy, to take a well earned rest. 


But he was soon thinking of his engine again, and 
conceived the idea of applying spark ignition 
from a magneto. He immediately went to Robert 
Bosch at Stuttgart who was already well known in 
that field. Robert Bosch accompanied Dr. Diesel 
to Augsburg and personally attached a magneto 
to the engine. This experiment proved of no avail 
and the result was to plunge Diesel still deeper 
into his dilemma. Eventually he realized that he 
had deviated from his original ideas anc he de- 


cided to return to his former path. 


The second series of tests practically proved that 
the engine could be operated only with compressed 
air fuel injection. The air was first supplied by a 
separately driven compressor. Besides, Diesel tried 
to take the injection air from the cylinder during 


the compression stroke, but this proved a failure. 


Attempts to make speedier progress by injecting 
the fuel in a gaseous condition also did not bring 
about the desired result, but complicated the en- 
gine instead of simplifying it. While kerosene 
or benzine was the usual fuel injected by com- 
pressed air, attempts were made to use illuminat- 
ing gas as fuel. The Krupp works were building 
gas engines at that time and they were interested 
in the trial of such a fuel in the diesel engine. 
Although the gas fuel experiments were a definite 
failure, they did give further experience with the 


engine which was helpful. 


Second experimental engine embodying several refine- 
ments such as cooling jackets, overhead camshaft. 


THE ENGINE IS REDESIGNED 
AGAIN 


The time had now come for another redesign 
The cylinder bore was increased to 220 mm., the 
stroke remaining at 400 mm. The combustion 
chamber was a cylindrical pocket in the head 
The bed plate and frame were maintained, a 
also the 400 mm. stroke, but the increase in piston 
diameter to 220 mm. doubled the piston area 
While in the previous series of tests the cylinde: 
was subsequently fitted with a plate cooling jacket 
a solid cast jacket had been provided this time 


The twice re-built engine was at last ready fo 
trials on March 26, 1895. Benzine and, later, ligh 
oil was injected, and after a short time the engin 
fired and went on running at idling speed. Or 
June 26th, the first brake test was made whic 
revealed a thermal efficiency of 16.6 per cent, wit! 
a fuel consumption of 382 grammes per bhp. pe 
hour. Other modifications of design followed 
‘Thus, the engine was equipped with a positive! 
driven air pump which for the first time made 


a self-contained unit. 


It was a long road that had to be travelled 1 
reach this first success in which according 1 
Diesel’s own statement, two engineers of th 


Maschinenfabrik Augsburg, Lucian Vogel an 


Fritz Reichenbach, had an eminent share. 


Dr. Diesel related long afterward that while th 
second engine would not run regularly and wi 
always a source of danger, it, together with th 
first engine, proved the practical possibilities. H 
added that after the disappointments of the fir 
two years, he would never have had the patien 
and courage to continue except that he was su 
ported by an unalterable belief in the correctne 
of his mathematical deductions. 


It was in 1895 that the engine was really name 


The success of the experiments at that time cor*) 


vinced Diesel that he really had a practical prin 


mover and the question came up as to what! 
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name it. At the factory, the men working on it 
frequently referred to it as Dem Diesels Sein 
Motor, Diesels Motor, or Diesel. Diesel bimself 
wanted to name it Rationeller Waerme Motor- 
Patent Diesel, or in English, the Rational Heat 
Engine-Diesel Patent. Some of his associates even 
saggested such names as Delta or Beta Motor. But 
finally Diesel’s wife suggested or insisted that the 
engine be named Diesel Motor or as we say in 
English, Diesel Engine, and Diesel Engine it is 


to this day. 


THE THIRD ENGINE 


Early in 1896, results were so good that Baron 
Krupp and Heinrich Buz suggested the construc- 
tion of a third engine, and this undertaking was 
soon begun. The new model which was developed 
had most of the elements which later became tvypi- 
cal of the diesel engme. For the first time, the 
combustion chamber was flat and was contained 
between the top of the piston and the under side 
of the cylinder head. The bore was 250 mm. 
(97% in.) and the stroke 400 mm. (1534 in.), the 
same dimensions as for the previous engine. ‘The 
engine was calculated to develop 20 bhp. The 
frame design was changed to provide a column 
in front. ‘The crosshead guide was carried entirely 
by the cast iron rear column. Later, this engine 
proved itself to be the first complete and reliable 


diesel engine built. Into it went all of the bitter 
experiences and the knowledge accumulated dur- 
ing the previous two years with the earlier engines. 
For further tests it was decided to use liquid 
fuels entirely and the fuel injection system was 


designed accordingly. 


The drawings were passed to the shops at the end 
of February, but a short time thereafter doubts 
arose as to whether the quantity of air drawn by 
the piston would be suthcient to secure the clesired 
engine power. The drawings were recalled and 
modified in a hurry. The lower portion of the 
cylinder was fitted with a cover to make it operate 
as a supercharging pump. ‘This arrangement was 
proved to be superfluous, and even detrimental, 
by later brake tests which showed that much better 
thermal efaciency was obtained without pre-com 
pression of the combustion air. (This was probably 


the first attempt to supercharge a diesel engine.) 


Work on the new engine was rushed as much as 
possible and its erection was completed on Octo- 
ber 6th, after five months building time. The 
drive was again taken from a transmission belt, 
as in previous tests, in order to ascertain the wear 
of the highly stressed parts. The first trial runs 
were made on October 12th, 1896, and necessitated 
some modifications, particularly in respect to the 


fucl injection device. 


The third experimental engine built with the help of Baron Krupp and Heinrich Buz. This is the famous Deutches 
Museum engine. 
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After these modifications had been made, the 
engine functioned almost beyond expectations. 
Dests were continued to improve the performance 
and to gain reliability of operation. By early 1897, 
the engine was considered quite sale in operation 
and on one occasion ran an endurance test of 17 
days without mishap. [t is related that one day a 
doubting director of hrupps appeared unan- 
nounced, but alter watching the cugine function 


lor several hours, he went home tully satisfied, 


By February, the engine was ready tor demonstra- 
tion tests, Special offices and shop facilities were 
created tor diesel engines and detailed prepara- 
tions were made to undertake the building of a 
compound engine of as much as LOO hp. ‘This was 


a bold step and shows the prevailing confidence. 


PERSONALITIES 


In any piencering cndeaver, the individuals con- 
cerned and their personalities are always impor- 
tant. They always exert a powerlul influence and 
are frequently the determining factors toward 
failure or success. The diesel engine was no ex- 


ception. 


Even in his carly professional career, Diesel soon 
showed the imagination, the faith in his own 


reasoning. the aggressiveness, and the determina- 


Diagrams depicting progress, from 
“Diesel.” Top one is dated 1893 — 
bottom 1897. 
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Heinrich von Buz, 1833-1918. Photo 
from "Diesel." 


tion, which were to stand him in such good stead 
later in his career. Witness his first patent for 
the manufacture of ice, which brought him into 
personal touch with Heinrich Buz, director of the 


Maschinenfabrik Augsburg. 


Years later when Diesel approached the same com- 
pany with his diesel patent and ideas, the matter 
was referred to Josef Krumper, Chief Designer in 
the steam engine department. Although this was 
asking Krumper to approve a new idea which 


would make his steam engines obsolete, on the 
other hand probably Krumper was the best heat 
engineer in the company. He called on an asso- 
ciate, Lucian Vogel, who made calculations and 
preliminary designs. Their report was adverse, 
and on April 2, 1892, as already related, Heinrich 
Buz wrote Diesel that they had studied the matter 
carefully but were very sorry to have to tell him 
that considering the difficulties involved in a prac- 
tical development, the risk was so great the com- 
pany could not take the venture. But after Diesel’s 
book was published early in 1893, it was this same 
Buz who became convinced by studying the book 
himself and who persuaded his company to reverse 
the earlier decision and undertake the develop- 
ment of the engine. Dr. Paul Rieppel who knew 
Heinrich Buz personally describes him as ‘‘a pow- 
erful personality of dignified appearance, a master 
in his field, loved and feared by his associates.” 


‘There were eventually several important associates 
with Diesel during the crucial development work. 
Engineers Vogel, Reichenbach, Pawlikowsky and 
Immanuel Lauster gave great assistance. Vogel 
(transferred from the steam engine department) 
was a highly competent designing engineer who 
then and later was responsible for several impor- 
tant features on the engines. Pawlikowsky spent 
many years later in endeavoring to develop a satis- 
factory powdered coal-burning diesel. He placed 
several engines in commercial operation. Lauster 
was ‘‘a great factor in the early struggle through his 
sense for practical limitations and his great knowl- 
edge for designing.” Later, Lauster was to invent 
and obtain a patent on a method of metering the 
correct amount of fuel by timing the seating of the 
suction valve of the fuel pump. This was the 


standard method used on air injection engine: 
for years afterward, although only the M.A.N 
company—an outgrowth of the Maschinenfabrik 
Augsburg—and its licensees could use it until afte: 
the patent expired. Lauster became Chief Engi 
neer and later the Director of the diesel activities 
first for the Augsburg Works and later for the 
whole M.A.N. company after it had acquired the 
Maschinenfabrik Nuremberg. 


Among the practical men who assisted, there was 
Franz Lang. He took part in all of the early 
experiments and it was said of him that he “had 
a feeling for the inner workings of an interna! 
combustion engine which often saved the day.’ 
Later, Lang became the foreman in charge of 
erection and testing of engines. Still later, he con- 
tributed much to fuel injection developments and 
was responsible for the Lanova system of com- 


bustion. 


SOME DEVELOPMENT PROBLEMS 


It seems obvious that the Augsburg company as- 
signed some of its best talent to assist Diesel in 
making the new engine a success. Probably Hetn- 
rich Buz was largely responsible for this. Dr. 
Rieppel, whose father at the time was general 
manager of the Nuremberg engine works, knew 
these people personally and places the name of 
Heinrich Buz at the top of the list of those who 
helped in the beginning to make the diesel engine 
the success it has become. Once the decision was 
made to proceed with the development work in 
1893, it appears that Buz was as determined as 
Diesel to push the work through to a satisfactory 
conclusion. The varied and combined talents of 
all concerned were needed to carry on through 
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the trying times which were an inevitable part 
of «ay such undertaking. 


J cre were not only the problems of combustion 
and the injection of the fuel for combustion, but 
there were mechanical design problems of the first 
magnitude. The indicator cards show how the 
piaximum cylinder or combustion pressure was 
reduced from the 60 atmospheres in the first en- 
gine to about 34 atmospheres in the final experi- 
Even 34 atmospheres, about 485 
The steam, 


mental engine. 
psi., was revolutionary in those days. 
gas and oil engines of the day used 15 atmospheres, 
and usually tess, at the maximum. The materials 
and workmanship ordinarily available were natu- 
rally in keeping with the engines then in produc- 


tion commercially. 


DIESEL IS ATTACKED 


The tests at the end of the initial development 
period in 1897 immediately attracted world wide 
attention. And there were those who said Diesel’s 
work was not original and he did not deserve the 
credit. His patents were attacked. The most seri- 
ous contenders were Otto Koehler and Emil Capi- 
taine, the former because of his book “Theory of 
Gas Engines”. published in 1887 and the latter 
because of earlier patents and an engine con- 
structed some eight or ten years previously. The 
matter was fought in and out of court until April 
22, 1897, when the Imperial Patent Office in Berlin 
ruled that Diesel’s patent was valid. The war of 
words continued for years afterward. Two main 
lines of criticism were hurled against Diesel. Many 
contended that others than Diesel made the engine 


Letter of thanks from Rudolf Diesel to 
einrich von Buz, dated February 10, 1897. 


Munich, 10 February, 1897 
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Diesel 


a success. And the argument was raised that the 
actual engine did not work according to the origi- 
nal patent nor according to Diesel’s original state- 
ments, so therefore the final engine was not a 
diesel engine but just an oil engine. However, 
the outstanding fact remained that Diesel proposed 
to build a heat engine with the highest efficiency, 
and regardless of the path in between, and re- 
gardless of the technical differences between the 
initial idea or patent claims and the final engine, 
the ultimate outcome was the most efficient heat 


engine were devised. 


On June 16th, 1897, Diesel read a paper before 
the general meeting of the Verein Duetscher In- 
genieure, at Kassel, on the theory and design of 
his rational thermal engine, and Professor Schroter 
followed with a report on the test results. 


A great task had been accomplished. With a 
thermal efficiency of nearly 26 per cent under full 
load, corresponding to a fuel consumption of 240 
grammes per bhp. per hour, the Diesel engine was 
far ahead of all power engines. Professor Schroter, 
in his closing words before the Kassel meeting, 
gave an eloquent testimony to the success that 
had been reached. He said: “It is with legitimate 
pride that Mr. Diesel and the Maschinenfabrik 
Augsburg in whose works the first engine was 
built, can accept the tribute that has just been 
paid to their achievement by the leading engineer- 
ing institution of the German Empire. As a rep- 
resentative of technical science, I heartily join in 
that tribute and I sincerely hope that the new 
engine may lead up to a development from which 
industry should derive a great benefit.” 


DEMONSTRATING TESTS 


Early in 1897 when it appeared from their own 
shop tests that the final experimental engine was 
ready, a series of demonstration tests was under- 
taken. The first of these official tests appears to 
have been on February |, 1897. Among the out- 
side observers was Mr. Fred Dyckhoff of Bar-le- 
Duc. The diesel engine at full load showed a fuel 
consumption of 244 grams per metric brake horse- 
power hour. On that same day it is recorded that 
a test was made, for comparison purposes, on a 
Deutz petroleum engine of practically the same 
swept volume and of identical piston speed as 
that of the diesel engine. The Deutz engine 
showed a fuel consumption at full load of 383 
grams per metric bhp. hour. Furthermore, it 
could not be run for more than about twenty 
minutes owing to excessive temperature. There 
was a second series of demonstration tests on Feb- 
ruary 4, 1897, in the presence of Director Schumm 
and Mr. Stein of Gasmotorenfabrik Deutz and 
Chief Engineer Gilhausen of Fried. Krupp, Essen. 
The full load fuel consumption was certified as 
238 grams per metric bhp. hour (or about .52 Ibs. 
per bhp. hour-better than the previous test. 


A third series of demonstration tests took place 
on February 12th in the presence of Messrs. F. 
Sulzer-Imhoff, Carl Sulzer-Schmidt and Eric Brown 
of Sulzer Bros., Winterthur, Switzerland. These 
tests showed results comparable with those ob- 
tained a few days previously. They were followed 
five days later, by the tests by Professor Schroter. 


Rudolph Diesel about 1897, just prior to the formation 
of the Diesel Motor ‘Company of America. 


All of these tests appear from the records to have 
been made with American lamp oil obtained from 
a store in Augsburg. The specific gravity was from 
0.786 to 0.800 and the heat value about 18,000 
British thermal units per pound of fuel. 


THE FIRST LICENSE AGREEMENTS 


More than ever, Diesel was thinking of applica- 
tions of the new engine with his usual imagination 
and optimism. This was natural enough. The 
application of the diesel to stationary power plants 
for all sorts of general power purposes was already 
a foregone conclusion from the beginning. And 
while the Augsburg company and Krupp would 
have the rights for the engine in Germany and 
could be depended upon to exploit its possibilities, 
Diesel retained the rights for foreign countries. 
Even during the experimental period, important 
companies sent their representatives to Augsburg 
to discuss the situation with Diesel and to sign 
preliminary agreements. 


The first of these seems to have been Sulzer Bros. 
Even after Diesel !eft the employ of Sulzer, he 
kept in contact with the firm and exchanged corre- 
spondence on technical and scientific problems. 
When in 1893 he published his book on the 
Rational Heat Engine, and started work on the 
practical realization of his ideas, it was a matter 
of course for him to seek the collaboration of 
Sulzer, a temporary agreement actually having 
been signed on May 16th, 1893. By this agreement 
the firm secured the rights to the Swiss patent 
and provided for the manufacture of the new 
engine, after the signing of a second and final 
agreement, in so far as a careful examination of 
the technical and economic aspects of the problem 
should furnish a positive result. 
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{n spite of the considerable skepticism which the 
new invention at first encountered in the tech- 
nical world, the responsible heads of the Sulzer 
firm became more and more convinced that it 
might well be the starting point of a revolutionary 
departure in power generation. This conviction 
was the more remarkable because Sulzer was close- 
ly bound by tradition and interest to the develop- 
ment of the steam engine, on which their world 


wide reputation was based. 


On April 30th, 1894, Diesel signed a license con- 
tract with the Carels works in Ghent, Belgium. 
At that time, this firm had already been in busi- 
ness for 110 years. ‘The first and last articles of 
that license contract are quoted here. 


Translation of the first and the last articles 
of the contract by which Dr. Diesel, granted, 
in 1894, his patent rights to the Carel Works. 


Between Messrs. Carels Brothers, engine 
builders at Ghent (Belgium) and Mr. Ru- 
delf Diesel, Engineer at Charlottenburg- 
(Germany), the following has been agreed 


upon: 
Art. 1. 

Mr. R. Diesel is owner of a Belgian Pat- 
ent N° 99247 of April 30, 1892 for a 
methed to produce motive power by the com- 
bustion of fuels and of an additional Patent 
N° 100947 of August 31, 1892 for the 
same object, and he grants to Messrs. Carels 
Brothers, for Belgiuni and Colonies, the ex- 
clusive license to exploit these patents which 
means that Mr. Diesel will not be allowed 
to use or grant to anybody the right of con- 
struction or of sale of the engines working in 
accordance with this patented method. 


Art. 10. 

The registration or other expenses which 
the present Contract may use, will be charged 
to Messrs. Carels Brothers. 

Signed in two exemplars and in good faith 
at 


GHENT, the thirteenth of April 1894. 


(s.) Dr. DIESEL. 
(s.) CARELS BROTHERS. 


In December 1896, owing to the depression in 
the demand for sugar machinery, the board of 
directors of the Mirrless, Watson and Yaryan Com- 
pany, Glasgow, appointed a committee to make 
an investigation of the new internal combustion 
engine patented by Rudolf Diesel. The result was 
an agreement for an exclusive license for manu- 
facture and sale in Great Britain, signed on 
March 24th, 1897. | 


The experimental and development period was 
over and Diesel now spent most of his time in 
introducing the engine. His agreements with 
Augusburg and Krupp did not provide more than 
salary until engines were sold. Since Diesel held 
all the rights for countries other than Germany 
he was now to trade them off one by one and 
begin to receive his financial rewards. The con- 
struction of engines for further development work 
or for actual commercial sale was soon begun by 
several firms in many countries. 


DIESEL MOVES TO MUNICH 


During the period of erecting the third engine, 


ECONOMIES 


A plain-slide valve steam engine utilizes only 5". 


A plain Corliss Engine “ 6. 
A compound condensing engine “ 


A reheating compound or a triple 
expansion engine “12". 
The best oil engines ‘explosiontype) “ 
“The best gas ergines'explosion type! “ “19". 
THE DIESEL MOTOR uTuizes Fury 28", 
OF THE FUEL EXPENDED. 


Eight careful successive tests show an 
average consumption per brake H. P. 
hour of 0.51 Ibs. of ordinary lamp pe- 
troleum; the highest was 0.53 Ibs., the 
lowest 0.46 Ibs.; or expressed in pints: 
highest 0.6 pint; average 0.58 pint; 
lowest 0.52 pints. 

Subsequent tests show SAME ECONOMY 
for common AMERICAN FUEL OIL. 


Q. E. D. 


NO MQRE SMOKE 
NO MORE ASHES 
NO MORE EXPLOSIONS 


OlESEL MOTOR COMPANY 
OF america 


No Baosowar Niw Yors 


Dr. Diesel had moved with his family from Berlin 
to Augsburg. Upon completion of the engine, 
they had moved on to Munich where private 
offices were set up. ‘This was necessary in order 
to handle the heavy correspondence and many 
business deals which resulted from the world wide 
attention whieh the new engine had attracted. 
Also his critics and the patent suits brought against 
him could not be ignored. Diesel found it neces- 
sary to travel a great deal. 


The sale of engine licenses to various concerns 
brought a large and quick increase in Diesel’s per- 
sonal fortune, and the private life of the Diesel 
family expanded accordingly. 


Late in the summer of 1898, Diesel opened a large 
research bureau at his Munich residence in order 
further to develop, improve, and extend the ap- 
plication of his engine. He was obligated to do 
this under his contracts with Augsburg and Krupp 
and his licensees. Walls were removed in his 
house and alterations made to provide space for 
all of the young engineers he hired. He soon had 
a veritable diesel school. 


THE DIESEL ENGINE COMES TO 
THE UNITED STATES 


The story of how the diesel engine came to this 
country goes baek to the early 1890s. The late 
Adolphus Busch, head of the famous Anheuser- 
Busch Brewing Association of St. Louis, Missouri, 
was in the habit of spending considerable time 
each year in Germany, the home of his ancestors. 
He and Baron von Krupp were old friends, and 
thus it was natural for the Baron to talk to Mr. 


THE DIESEL MOTOR 


THIS 


The Rational Heat Engine. 


The Source of Power for the Future. 


Exhibited for the FIRST TIME in 
the United States at 


THE ELECTRICAL EXPOSITION 
Mapison SouarRE GARDEN 
MAY, 1898. 


DIESEL MOTOR COMPANY 
OF AMERICA. 
No '! Brosowar. New Yora. 


Busch about the diesel engine. 


very enthusiastic about the success of the expert 


ments being conducted by Diesel and the possibili- 7 


ties for such an engine in the United States. The | 


petroleum industry was already well established 
in the U. S. and was expanding. There was plenty | 
of cheap liquid petroleum fuel available. This 
new engine used a liquid fuel and was the most 
efficient heat engine available. Therefore it had 
wonderful possibilities as a supplier of low cost 
power for water works, factories, lighting plants, 
etc. Mr. Busch watched the development of the 


diesel engine almost from its beginning. 


As the experiments approached success, Mr. Busch 
talked with some of Diesel’s associate engineers, |} 


especially Immanuel Lauster. Lauster confirmed 


Baron von krupp’s appraisal of the possibilities | 


of the engine. So Mr. Busch called for the judg- 
ment of another engineer, Col. E. D. Meier of 
St. Louis, an old and intimate friend. Col. Meier 
had introduced the Heine water tube boiler into 
the U. S. and had attained such brilliant success 
with the venture that any opinion of his relating 
to the diesel engine would be highly regarded. 
Meier carried on his own investigation of the 
engine. The third experimental engine was then 
available and he ran tests on it in September, 
1897. It was only of 18 hp. but he tested it and 
retested it. He talked with the operators. He 
slowly formed his own opinion of it and became 
convinced that even though it was still in the 
experimental stage, it had heretofore undreamed- 
of merits and possibilities. He reported his find- 
ings to Mr. Busch who was in Germany waiting 
for them, but was otherwise ready to go home. 
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THIS NEW HEAT ENGINE 


is the invention of Mr. RUDOLPH DIESEL 
an eminent and scientific engineer of 
Munich, Germany. 

After 15 YEARS of exhaustive study 
and careful progressive experimenting, he 
has given to the engineering world a prac- 
tical machine with 


DOUBLE THE ECONOMY 


of the most perfect triple expansion steam 
engine and 50 PER CENT. in actual effi- 
ciency ABOVE the hitherto best gas or oil 
engine. 

The best results of theory and design in 
STEAM and GAS ENGINE practice have 
been utilized in its construction, and the 


DREAM OF SADI CARNOT 


has been shown capable of realization to 
an extent heretofore considered impossible. 
And with an engine which requires NO 
IGNITER and TOLERATES NO EXPLO- 
SION. 

German theory and study have given 
this demonstration. 

American skill will adapt it to all uses 
and place it within the reach of all who 


use power! 


Above and on the facing 
Note the prop 


‘Mr. Busch lost no time in opening negotiations 
with Dr. Diesel for the exclusive rights for the 
U. S. They soon reached an accord and in 


ment. The protection against competition was 


/the American and Canadian patents granted Diesel 
in 1895. They were to expire in 1912. The price? 
—an even 1,000,000 marks. The story goes that 
Diesel set this figure as the asking price and was 
quite amazed when Busch accepted it without 
objection. Dr. Diesel’s wife wondered what that 
Busch is reported as saying that Dr. Diesel was 


no inventor but he was indeed a smart and 


shrewd business man. 


ENGINE PRODUCTION BEGINS 


In the fall of 1897, the Augsburg factory started 
to build commercial diesel engines. The first ones 
followed the design of the final experimental en- 
gine quite closely except that a cast iron A frame 
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was used in place of the back frame and round 
frout column. These engines were of 10.23 in. 
bore by 16.16 in. stroke and developed 20 bhp. at 


185 rpm. 


One of these engines was brought to this country 
in the spring of 1898 and Prof. James E. Denton 
of Stevens Institute of Technology tested it in 
June to August of that year. He reported the re- 
sults of these tests in the Journal of the American 
Society of Naval Engineers early the following 
year. Col. E. D. Meier had already presented a 
paper on “The Diesel Motor” in the February, 
1898 issue of that Journal and it had created much 
interest among Navy engineers. 
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IN DESIGN AND APPEARANCE 


It follows the lines of a vertical marine engine. The 
MOTOR CYLINDER is placed on a stout -A- frame 
in the rear leg of which a SMALL AIR-PUMP is 
secured. The action is on the 4 stroke or Otto cycle. 
It differs from all previous internal combustion 
engines in compressing a FULL CHARGE OF AIR 
to a point above the igniting point of the fuel, whether 
liquid or gaseous, then injecting this fuel for a certain 
period (variable according to load) into this red-hot 
air, where it burns with limits of pressure and tem- 
perature UNDER PERFECT CONTROL. There 
are NO EXPLOSIONS as in all other gas or oil 
engines, but STEADY COMBUSTION at prede- 
termined much lower temperature and without 
essential increase in pressure, the combustion line 
being practically an ISOTHERMAL, as this typical 
indicator card shows: 


SPRING = 360 LB. — 
Tank Press = 696.9 LB. 
BRAKE FP = 24.-—- 


—— 570.4 


Treica. caro FROom 20 Motor 


A small petroleum pump lifts the fuel into the 
valve chamber. 

The air pump serves only to compress air TO 
INJECT THE FUEL, and store a surplus in an air 
tank for starting the engine when cold, for which 
ONE CHARGE SUFFICES. When gas is used as 
fuel a slightly larger gas pump is substituted. 


ge are reproductions of pages from a bulletin issued in MAY 1898. 
tic statement in last paragraph in left hand column above. 


THE FIRST COMMERCIALLY 
OPERATED ENGINE 


The very first diesel engine to be placed in every 
day commercial operation was a two cylinder 76 
hp. engine installed in the plant of the Union 
Corporation, manufacturers of matches, at Kemp- 
ten, Bavaria. The engine was built by Augsburg 
and construction of it began in November 1897, It 
was placed in regular operation in April 1898. 
There were numerous troubles with this engine 
on the test stand and after it went into service. 
But nothing was left undone to overcome the 
difficulties, and in a few years it was completely 


reliable. In October 1912, fourteen years later, 


it was reported to be functioning “faultlessly.” 
As the illustration shows, this two cylinder engine 
was really two single cylinder engines placed along- 
side of each other with a common base and crank- 
shaft, but it was evidence that the engineers in 
charge were beginning to think of multicylinder 


engines as a means of getting more power. 


THE FIRST COMMERCIALLY 
OPERATED ENGINE IN THE 
UNITED STATES 


On his return to the United States in 1898, Adol- 
phus Busch formed the Diesel Motor Company of 
America which was soon changed to the American 
Diesel Engine Company because the word “Motor” 
was a misnomer when applied to large engines. 


Col. E. D. Meier was made President of the newly 
organized company, Hugo Reisinger, Secretary- 
Treasurer and A. J. Frith, Chief Engineer. Mr. 
Frith was considerably more of a theorist than a 


The famous Kempten engine—the first commercially op- 
erated diesel engine in the world. 


practical engineer and while he possessed a thor- 
ough knowledge of thermodynamics, he was not 
a machinery designer of any broad experience. 
To collaborate with Mr, Frith and assist him in 
the development of a workable engine from the 
claims of Dr. Diesel, J. D. McPherson, an experi- 


enced marine engineer was employed. 


By this time Mr. Busch’s friend Baron von Krupp 
had obtained a license to build the Diesel engine 
and from designs evolved by Krupp engineers Mr. 
Busch had a two cylinder “A” frame engine built 
for him. This engine closely resembles the engine 
exhibited by Krupp’s at the Munich Exhibition 
in 1898. This first engine built by Mr. Busch was 
installed in the Anheuser-Busch Brewery in St. 
Louis, Missouri, in September 1898, and after run- 


ning only a short time, was destroyed. 


DIESEL DEVELOPMENT BECOMES 
WORLD WIDE 


On August II, 1897, Sulzer made arrangements 
with Diesel for the construction of a trial engine. 
This first unit which was finished the following 
year, was a vertical single cylinder engine of 260 
mm. cylinder diameter, 410 mm. stroke and was 
rated at 20 hp. at 160 rpm. 


Carels built the single cylinder engine shown 
here but it was kept for further experimental and 
development work and was not sold. 


The Mirrless Watson and Yaryan Company re- 
ceived the drawings for a 20 hp. single cylinder 
engine in July 1897 and the following month the 
manufacture of an engine was authorized and be- 
gun. The construction of the engine was com- 
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First commercially applied diesel engine in the U.S., 
built in 1898. 


pleted in November, 1897, and authority was given 
for an independent test of the engine by Prof. 
W. H. Watkinson, M. I. Mech. E. But it was not 
until May 1898 that this test was made. There 
were many difficulties with this engine. 


The firm of Burmeister & Wain of Copenhagen, 
Denmark, became interested in the diesel engine 
through their Ivar Knudsen who had become a 
director of the company in 1897. Knudsen had 
followed the experiments of Diesel from the be- 
ginning, so that when the final experimental tests 
were announced, Knudsen got in touch with 
Diesel. Diesel, Krupp and Augsburg were anxious 
to make an agreement with Burmeister & Wain, 
but the latter company could not seem to persuade 
the Danish financiers. Knudsen learned that the 
renowned Swedish banker, Marcus Wallenberg, 
was preparing to found a large diesel engine com- 
pany in Stockholm. Wallenberg had interested 
Alfred Noble in the new company although the 
latter had many scruples. Knudsen got in touch 
with Wallenberg. Many conferences were held 
and the final outcome was to acquire a license 
for the diesel engine in Denmark which agreement 
was signed on January 28, 1898. A single cylinder 
experimental engine was built that same year but 
no commercial engines were buiit for several years 
afterward. Attention was concentrated on further 
development work looking especially towards the 
ultimate use of such engines for ship propulsion. 


The Swedish company formed to build diesel 
engines was the Aktiebolaget Atlas Diesel, more 
familiarly known as just Atlas Diesel, in Stock- 
holm. Their first engine followed the German 
design and was of the crosshead type with a cylin- 
der of 260 mm. diameter by 410 mm. stroke and 
rated at 20 hp. at 160 rpm. This engine was de- 
livered to the Swedish State Railways in 1899 for 
driving a generator. In 1902 it was transferred to 
a pumping station on Lake Ulvsunda at Tomte- 
boda. During the next 15 years it ran almost 


A Carels diesel, single cylind: 
cross-head type closely followi 
the first German design. 


Atias diesel built in Stockholm in 1898—put in service : 


in 1899 and operated until 1917. 


continuously day and night until fuel oil became 
scarce in Sweden in 1917 during the war. The 
engine in its original condition is still retained 
as a standby». 


At the ‘fv uch Fair in the summer of 1898, there 
were exnibited in operation four single cylinder 
units built by four different firms. Above them 
was a large sign designating them as “Diesel En- 
gines.” The engine manufacturers and the public 
accepted that term. 


The first diesel engine in Russia seems to have 
been a 30 hp. Augsburg-built unit shipped in 
December 1898 to the Nobels in St. Petersburg. 
On February 15, 1899, Mr. Ludwig Nobel wrote 
the Augsburg company that the engine had been 
in operation for three weeks and had functioned 
to his “complete satisfaction.” The engine had 
been running on raw Baku naptha of 0.877 specific 
gravity with the engine cylinder lubricated by a 
special Nobel lubricating oil of “viscosin flash 
point 310.” There had been a little difficulty in 
obtaining regular ignitions at very light loads so 
Nobel had fitted a throttling valve on the air 
suction and reduced the compression pressure from 
32 to 28 atmospheres for such conditions. This 
solved the problem entirely, and the smallest 
quantities of naptha were ignited regularly. 


EARLY DIESEL DEVELOPMENT 
IN THE U. S. 


. The story has already been told here how Adol- 


phus Busch brought the diesel engine to the U. S. 
and how the first engine was built from Krupp 
designs. But Mr. Busch, his associates and engi- 
neers were not satisfied to let it go at that. So 
they undertook a design and development pro- 
gram. The diesel engine would have to meet the 
requirements in this country if it was to be 
successful. 


Thus it was that early in the development stages 


of the new engine, it was recognized that the 
German design possessed certain undesirable fe: 
tures, and so Messrs. Frith and McPherson evolve 
and patented a new design of engine having | 
box frame, a horizontaily mounted fuel injectio’ 
valve, an integral single stage air compressor an 
a unique type of valve gear that permitted th) 
engine to be started by compressed air. Here, als 
originated the splash lubricating oil system thi! 
was destined to last until the patent on the Dies 
engine expired. The idea was copied, howeve 
from the system used by the Westinghouse Cor | 
pany on its vertical gas and steam engines. Thes | 
engines were popular and widely used at tha 
time. The engine crank case was filled with wate | 
up to a predetermined level where the connectin 
rods would dip into it and to this was added abou 
a 3 inch depth of a special heavy grade of lubr 
cating oil. From this splash system, all bearing | 
crankshaft, crankpins, wrist pins and camshai 
bearings obtained lubrication. Moreover, the wate 
acted as a coolant for the oil; steam would cor 


stantly emit from a breather pipe on the cram 
case and more water had to be added at interval 
The system proved to be quite satisfactory an¢ 
was used on all engines of this type built up 
1912. 


As Frith and McPherson carried on with thei) 


design and development work, many ideas wer 
evolved and among them was one introduced b 
Frith. Even though a confirmed theorist, b: 
seemed to have anticipated the work of some © 
our later designers who were endeavoring to con 
fine the air charge in a pre-combustion chambe) 
in the cylinder head of an engine. In one paten 
dated March 6, 1906, Frith claimed that certait 
advantages could be gained by massing the ai 
clearance into a cavity or separate chamber it 
the cylinder head. The idea was perhaps thi 
result rather than the cause for placing the {ue 
valve in a horizontal position. It gave a simpk 
valve gear arrangement. 
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fuel injectiog glorious era in railroading. On that date, Burlington’s this 

PIONEER ZEPHYR was placed in regular daily service between 
| pumaned Ce Kansas City, Omaha and Lincoln ... an important forward ing — is still in daily service, with over : 


air. Here, als 


Ss on On : step in the development of American transportation. For 2,500,000 miles to its credit. 
2 om the Dies the PIONEER ZEPHYR was America’s first Diesel-powered 
pied, howeve streamlined train. 


The PIONEER ZEPHYR met with immediate national ac- Ou the Surlingiou, 


Spee a claim—and its continued high standard of performance 
Hed with watel : proved the value of Diesel power in railroading. As a result, Di e& ‘a LS 
the connectin: : the Burlington and many other railroads have since put 
as added abouf [= into service hundreds of Diesel locomotives, setting new doe Thee Sa Jobs! 
grade of lubr , records in both freight and passenger service. Diesels have 


n, all bearing } made possible faster, finer rail service for all America. Today, more than 200 Diesel locomo- 


tives are at work on the 11,000 miles of the 
The Burlington, as a pioneer in the field of Diesel rail- Sullieten Biem. Shar eed oe 


roading, salutes the Diesel industry on its fiftieth an- on their way .. . handle huge freight trains 


niversary. with impressive “‘on time”’ records... and 
expedite handling in switch yards. Yes, 


Diesel power is indeed an important factor 
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Frith's combustion cavity patent. 


Below, left: Cross section of Frith-Mc- 
Pherson engine; right: valve gear of first 
American design. 


Frith and McPherson's new engine was to obtain 
its injection air from two 114 in. x 20 in. single 
acting compressor cylinders attached to the work- 
ing cylinders. The air compressor pistons were 
mounted on the working pistons through a bracket 
arrangement. Injection and starting air receptacles 
were placed in the engine bed and piped to the 
compressor. ‘There was much Westinghouse influ- 
euce manifested in the new engine design and 


particularly in the cylinder head which was prac. 
tically a Chinese copy of the head used on the 
Westinghouse gas engine. The tuel valve was 
placed in the igniter opening and despite the fat 
that the design gave no end of trouble becawe 
of cracking through an exhaust bridge, it remained 
unchanged until the design was abandoned some 


twelve years later. 


The actual diesel was developed and finally built 
at the Hewes and Phillips Iron Works, Newark, 
N. J. Only one size was built having an 11 in, 
diameter cylinder and a 20 in. stroke. When run- 
ning at 200 rpm., The first 
one was sold by Norman McCarty, who had been 
Manager to the Manhattan 


it developed 20 hp. 


appointed Sales 
Transit Company in New York City. 
gave no end of trouble and after running spas- 


The engine 


modically for about a year, it was replaced by a 
later design. T'wo units were also sold to the Long 
Arm System Co., of Cleveland, Ohio, builders of 
marine equipment. ‘Trouble developed in the 
single stage air compressor after a brief pericd of 
operation, due principally to the high compression 
ratio of 90, causing intense heat to develop in 
single stage operation, thereby exploding the lub- 
ricating oil and breaking off the piston mounting 
brackets. Fuel consumption was excessive and 
was traceable to the horizontally mounted fuel 
valve. Little or nothing being known about fuel 
nozzle design, no atomizer plates or any form of 
resistance was applied to the fuel valve and so 
oil and injection air passed through a set of 14 in. 
Naturally, the fuel 
itself too rapidly, 


holes at the tip of the nozzle. 
valve would completely empty 
allowing the oil to enter the combustion chamber 
without being pulverized. Repairs moved into 
Cleveland at a rapid rate for several months until 
Norman McCarty, who had been devoting his 
time to the sale of engines and who_ possessed 
certain engineering ideas, recommended that the 
troublesome air compressor be removed from onc 
of the Cleveland engines and a three-stage inde- 
pendently driven compressor he provided to sup- 


ply injection and starting air. The air storage 


containers were also removed from the bedplate — 


and placed in the open close to the engine. Rec- 
ords indicate that most operating difficulties were 


eliminated after these alterations were completed. 


BUSCH TYPE A ENGINE 
Undaunted by the complexities which beset him, 
Mr. Busch continued the struggle of introducing 
a new product since he had implicit faith in its 
Not much was accomplished for a 
Hoadley who 


possibilities. 
while when, one day, Joseph H. 
had organized the American and British Manu- 
facturing Co. of Providence, R. 1., approached 
Mr. Busch with an entirely new manufacturing 
and sales plan. His suggestion was that the engine 
be completely re-designed to eliminate the difit- 
culties that had been encountered in the early 
units and that it be manufactured by his company. 
Mr. Busch accepted the suggestion and Mr. Mc- 
Pherson was sent to Providence where he was ‘o 
assist Mr. Walter Knight, Hoadley’s chief engineer, 
in evolving a new diesel engine design. Mr. Knig)it 
therefore, spent 
very little time at the factory. Thus, the new 
design must be recognized as the product of Mr. 


was a wealthy individual and, 
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McPherson's brain and he thereiore became the 
first real diesel engine designer in America. The 
engine which he finally brought out was the fa- 
mous type “A” and was the only diesel engine 
used in America until 1912. Four cylinder sizes 
were developed and offered in the following di- 
mensions and capacities: 


Bore and Stroke No. of 


Inches Cylinders Rpm. Bhp. 
10 x 15 3 250 75 
12x 18 3 225 120 
14 x 21 $ 200 170 
16 x 24 l 165 75 
16 x 24 5 165 225 


The details of the engines are plainly shown in 
the sectional drawings. The box frame has the 
through bolts or tie rods, as they are called on 
the drawing, extending from the top of the frame 
down to below the main bearings. These took 
the gas loads and relieved the frame of tension 
loads. Location of the camshaft in the crankcase 
made it easy to lubricate the camshaft bearings 
and valve gear by the splash system. The pushrods 
for operating the valves and the top valve gear 
required very little lubrication. In the 10 in. x 
15 in. cylinder size, the air intake valve action was 
amtomatic; there was no push rod, and it proved 
to be satisfactory. The spray valves were water 
jacketed in order that they might be well cooled. 
The method of starting is shown in the drawings. 
The lever on the side of the frame was shifted to 
throw the fuel injection valve cam out of position 
and the air starting valve cam into position. This 
closed the fuel valve and made the air starting 
valve operative. As soon as the engine had at- 
tained the proper starting speed, and only a few 
revolutions were necessary, the lever was thrown 
back into the running position which cut out the 
starting air valve action, made the fuel valve oper- 
ative, and the engine was running normally. The 
whole design was simple bue effective. 


The box frame design with individual cylinders 
bolted to the top of the frame was destined to be 
copied by many an engine designer subsequently. 
Other details of this early engine design were 
also copied later or acted as stimulants to similar 
ideas. The fuel consumption of these early en- 
gines was about .45 lbs. per bhp. hour at full load. 


With this array of sizes to offer, the company did 
achieve some measure of success despite the fact 
that an installment plan that had been proposed 
by Mr. Hoadley was never adopted. However, dur- 
ing the period of 1900 to 1912 a considerable 
number of engines were sold and installed. The 
first installation was two 10 in. x 15 in. engines at 
the Jewett City, Conn., Municipal Light plant in 
1903. While a few of all sizes were sold, the 
principal demand was for large units. A notable 
plant was that of the Coronet Phosphate Co., of 
Mulberry, Florida, where sixteen 450 hp. units 
were installed. Each unit consisted of two 225 hp. 
engines placed end to end with « generator be- 
tween. This double unit is another example of 
an early idea that was widely used later. 


In 1908, financial problems compelled Mr. Busch 
to acquire all of the assets of the American Diesel 


Engine Co., and to operate the company as Adol 
phus Busch, Purchaser of American Diesel Ergine 
Co. A year later, Mr. A. J. Frith resigned and 
became associated with the Armour Institute of 
Technology in Chicago, Ill. He died in Chicago 
in 1914. 


After the introduction of the final type “\" de- 
sign, business grew to such proportions that the 
plant at Providence was unable to keep up with 
the demand and so the Power and Mining Ma- 
chinery Co., of Cudahy, Wisconsin, was enlisted 
to build some of the engines. This company was 
later absorbed by the Worthington Pump & Ma- 
chinery Corporation. Although many engines were 
being sold, the financial condition of the company 
was still not satisfactory. Mr. Busch was paying 
the American and British Mfg. Co., $50.00 per 
horsepower for engines and selling them for $60.00 
per horsepower. The margin was insufficient to 
leave any profit and this led Mr. Busch to realize 
that further action was necessary. A demand for 
better and larger engines was at hand and there 
was likelihood of competition from other manu- 
facturers who were preparing to build Diesel en- 
gines as soon as the patents expired. All of this 
prompted Mr. Busch to investigate what had been 
going on in Europe. He found that Krupp, 
M.A.N., and Sulzer Brothers, were building a 
much improved design of Diesel engine and the 
latter had sizes up to 4000 hp. He _ therefore 
opened negotiations with Sulzer Brothers of Win- 
terthur, Switzerland, and with the inventor him- 
self, Dr. Diesel. The result was that a new com- 
pany was formed on January 26, 1911, and called 
the Busch-Sulzer Bros.-Diesel Engine Co. (now a 
Division of Nordberg Mfg. Co.) Mr. James R. 
Harris, an employee of Mr. Busch, was made Vice- 
President and General Manager, and Mr. McPher- 
son was sent to Switzerland to become familiar 
with Sulzer designs since they had agreed to con- 
vey their patents and afford complete engineering 
collaboration for usé in the United States, its pos- 
sessions and the Canal Zone. Mr. McPherson was 
then sick and he returned to New York where he 
died. He was succeeded by Max Rotter who be- 
came Chief Engineer. This agreement with Sulzer 
Brothers was to be in effect from April 1911 to 
April 1926, and if not renewed upon expiration 
neither party would invade agreed-upon. terri- 
tories for a period of ten years. However, all pat- 
ent exchange and engineering collaboration ceased 
in 1926. 


BUSCH TYPE B ENGINE 


Upon the consummation of all agreements in 1911, 
the new company built a new and completely mod- 
ern Diesel engine manufacturing plant at 3300 
South Second Street in St. Louis, Mo. Only five 
of the old Type “A” engines were built in the 
new plant because arrangements had been made 
with Sulzer Brothers to bring out a new line of 
four cycle engines patterned after the Sulzer type 
“K” engine. This new type was to be designated 
the Type “B” and was manufactured from shortly 
after 1912 up to about 1920. These engines were 
of the four stroke design, single acting, trunk 
piston and employed air injection with integral 
type three-stage compressor. The picture shows 
this engine which has individually cast bedplate, 


crankcase and cylinder jackets. Tie-rods are use‘! 
in the two larger sizes between the bedplate an‘ 
crankcase. Pressure lubrication was applied to a | 
the principal bearings and main bearing shel s 


were made removable. The individual cylinde: 
jackets were fitted with removable cylinder liner . 
a departure from the original type “A” where the — 
cylinder and jacket were a one-piece casting. Th»s 
\ 


new design was built in four cylinder sizes, eac 


in four cvlinders and in the capacities listed below: 


Bore and Stroke No. of 


‘Type Inches Cylinders Rpm. — Bhy 
4-B-30 1014 x 13 4 300 120 
4-B-40 1134 x 15 1 277 16» 
4-B-60 1334.x 15 4 257 250) 
4-B-90 1614 x 21 4 225 365 
4-B-125 19 x 2414 1 200 520 
THERE WERE MANY : “ 


DEVELOPMENTS 


Each company developed the kind of a diese! 
engine which best fitted its own activities and 
which it thought would give the most promising 
market. There were two broad general trends, one 
towards larger engines for stationary and marin« 


power plants, and the other towards smaller cylin 
der sizes and higher speeds of revolution to pro 
vide lighter weight engines. And there were ¢x 
periments in the use of various liquid fuels. * 


Diesel relates that in 1899 he utilized in an exper) 
mental engine the byproducts of coal distillation 
and coke plants. such as tar and creosote oils, with 
the same satisfactory results as natural petroleum 
fuels had given. However, at that time quality 
was too inferior for regular use and was subject 


to continual variations. 


One single and one double Type A engines, be- T 
low and right, in the Anheuser-Busch Brewery. 
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Type A engine. the Power and Mining Mach'ry 
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The first trials to burn vegetable oils were made 
at the Paris Exhibition in 1900 with earth-nut 
oil. Later, castor and palm oils were used, also 
animal oil such as brain oil. In the U. S., Col. 
E. D. Meier in 1904 used water gas tar from the 
Philadelphia gas works in operation of diesels. 


It will be remembered that the early experimental 
engines had crossheads running in guides below 
the cylinders. This construction was continued 
in the early commercial engines, but in 1901 it 
was abandoned in favor of the trunk piston which 
has since found such wide use even up to large 
sizes of cylinders. The use of trunk pistons and 
the box frame originated with the American Diesel 
Engine Co, and was copied in Europe. 


A brief review of some of the important engine 
design developments is interesting. 


In 1899 there was the first attempt to install a 
diesel in a truck. 


In 1902 and 1903, the first marine diesel was de- 
veloped and installed in a canal boat in France. 


N 


SSS 
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4-STROKE CYCLE 


Above: Busch-Sulzer 4-cylinder, 4 cycle, Type B diesel 
engine. 


Left: Sections through air injection compressor and one 
working cylinder of the Busch Type B diesel. 


It was rated at only 20 hp., and it had two pistons 
working in opposite directions in one cylinder, 
operating on the four stroke cycle. It was de- 
veloped by two French engineers, Adrien Bochet 
and Frederic Dyckoff, and Rudolf Diesel himself 
collaborated with them. 


At about this same time, Sauter, Harle & Co. of 
Paris built a submarine engine of several hun- 
dred horsepower. 


By 1902 also, the first two cylinder 250 hp. engine 
had been built. 


A report in May of that year disclosed 359 diesel 
engines in operation all over the world with a 
total of 12,367 horsepower. Count Zeppelin be- 
came an intimate friend of Diesel’s and the two 
would spend hours discussing the possible use of 
diesel engines in dirigibles. 


In 1903, Diesel christened the first diesel powered 
cross channel vessel (French owned) operating 
between France and England. 


By 1905, Carels had their three cylinder 500 hp. 
engine at the Liege Exhibition and Sulzer had 
built the first reversible two cycle marine engine. 
By 1908, the first reversible four cycle engines had 
been built by Ludwig Nobel and installed in a 
Russian submarine. 


In 1909, there was the first engine for automotive 
work, a four cylinder, four cycle engine rated at 
30 hp. at 600 rpm. In this same year there was 
built the first single cylinder engine of 5 hp. at 
600 rpm. 

. +... 4nd now please turn to page 40.... 


DIESEL PROGRESS 


R 
‘answer to the o 
incorporates a ! 
constant voltag 
right regardless 
regulating circu 

Vis available in r 


Pack 

va, ‘urnished w 
Witc) Can vary 
ithin a range « 
scr wdriver anc 
bf lovd on the g 
ith (he meters | 


2100-T PA- 206 


MAY 1945 


| 
| 
’ 
| STARTING VALVE 
| gl N AN 
1 | at) | 48 GY 
AW 
NY 
4 VAN 
| ai ih 
\ 
‘ 
= 
ch la \ 
+ 
Ist Intake 2nd Compression 3rd Working Stroke 4th Exhaust 
ite 1 otake 
» 
2 Compression 
vad 4 Exhaust 
\ | \ ip 
36 


RUDOLF DIESEL AT 40 


‘5. R-11 Type — This type of generator has the modern 

‘answer to the old problem of a-c generator voltage regulation. It 

‘incorporates a new idea developed by E-M engineers to provide 

constant voltage that keeps lights bright and motors operating 

right regardless of the load on the generator —connections for the 

regulating circuit are made at the factory. The R-11 Regulectric 
Vis available in ratings up to 7.5 kva. 
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6. R-14 Regulectric Type —A generator that operates exactly the 
same as the R-11 Regulectric. In all these Regulectric generators 
the regulating circuit is built into the generator. No inspection, 
maintenance or adjustments of the regulating circuit is required. 
In both the R-11 and R-14 Regulectrics a saddle which is 
mounted around the exciter holds the regulating components. 
R-14 Regulectrics are available in ratings up to 18.7 kva. 


ENGINE DRIVEN GENERATORS! 


7. R-14 Regulectric Type —Identical with K-14 at left with addition 
of a meter panel for reading the generated voltage and current. 
All Regulectrics are built standard in the two-bearing type for 
direct coupling to the engine. The bearings are highest quality 
cartridge type ball bearings with sealed-in lubrication. They 
require no servicing for long periods of time. These generators 
are all self-ventilated. 
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ELECTRIC 
MACHINERY MFG. 
COMPANY 


Minnecpolis 13, Minnesota 


9. $-20, $-23 Packaged Synchrostat Type—Developed by E-M 
engincers to provide a low-cost, simple, yet accurate and reliable 
regulator. It has a high speed response and high-quality voltage 
regulation on small and medium sized generators, up to 187.5 
kva. The unit includes the generator and control de AnA con- 
sisting of meters, ‘‘synchrostat"’ voltage regulator and rheostat 
—all mounted and connected at the factory. 


Em ELECTRIC MACHINERY MFG. COMPANY 
821 2nd Avenue Southeast, Minneapolis 13, Minnesota 


I'd like more details on the following E-M equipment. I'm checking 
the one | want. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 


10. Switchgear—E-M pre-engineered switchgear provides coor- 

dinated control in one conver.ient, pre-specified, easy-to-buy unit 

Self-contained panels are free-standing and may be placed in any 

convenient location. For greater safety E-M switchgear panels 

- dead-front. Built for uniform attractive appearance and for 
A expansion, all switchgear is readily ———— to the addition 
uture panels as new generators are instal 
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40 hp. F-M, Type B marine engine, 1901. 


In Europe as the construction turned away from 
the early heavy, slow speed 160 to 200 rpm. en- 
gines to the quicker running engines, there was 
adoption of box frames and long through bolts 
to carry the gas loads on the cylinder heads down 
to the main bearing cross girders in the base. The 
effect of this change in design, together with the 
other improvements made, reduced the weight 
of diesel engines from 400 or 450 Ibs. per hp. down 
to 110 Ibs. per hp. The Sulzer engines of 1909 
and 1911 reflected these developments. 


By 1911, developments were coming thick and 
fast. In Italy, the well known firm of Tosi had 
pushed their diesel development work to the point 
where they exhibited a four cylinder engine of 
600 hp. at the Milan Exhibition. This engine still 
followed the earlier heavy slow speed construction. 
Also in Italy at Spezia, Fiat built a submarine 
for Sweden, named the Hvalen. It was of 185 tons 
displacement and had three diesel engines. To 
deliver this vessel, it made a 4000 mile voyage 
from Spezia to Stockholm without escort and with- 
out mishap, in spite of some rough weather. 


In Belgium, Cockerill built the first diesel engine 
vessel for use on colonial rivers, in this case for 
use on the Congo River. 


In Russia, there was built the gunboat Kars with 
1000 hp. of diesel engines on twin screws. 


In England, there was the Toiler, a small 3000 
ton cargo vessel with only a 360 hp. diesel engine 
but it was the first ocean going diesel vessel. 


THE GAS ENGINE IN THE U. S. 


If the early progress of the diesel engine in this 
country did not measure up to that in Europe, the 
progress of the gas engine did. Those years right 
after the turn of the century were still the days 
of individual power plants. Every water pumping 
station, every factory, every location where power 


Right: Type R, Fairbanks-Morse stationary en- 
gine for gas or liquid fuels, 1901. 


was needed had its own power plant of some 
sort. ‘This created a large and steady demand for 
engines. The steam plant with its reciprocating 
steam engine had seen its best days. The steam 
turbine was crowding it for the larger sizes. The 
gas engine, the oil engine, and the diesel engine, 
were pushing in for the smaller sizes. 


During this period of years, the gas engine was 
especially active. The development of the Penn- 
sylvania oil fields in the 1870s and later, produced 
a generous supply of natural gas. Just as soon 
as the gas engine was developed and available 
commercially, it was quickly adopted for pumping 
purposes in the oil fields and for power purposes 
in that region. The so-called oil country engine 
was of the single cylinder, horizontal type and 
was widely used. 


Then there was the producer gas engine. Coal 
was widely available as a fuel and many firms 
went into the business of supplying such engines. 
And steel mills used large gas engines with blast 
furnace gas for fuel. There was much develop- 
ment work done in Europe on gas engines and 
some of it was reflected in this country. In fact, 
the De La Vergne Machine Co. built producer and 


. blast furnace gas engines, in addition to Hornsby 


Ackroyd oil engines, under license from Koerting 
Bros. in Germany, and was very active. 


In summary then, it can be said that the early 
development of the diesel engine in this country 
was retarded for several reasons, as follows: 


The diesel engine was something new, compara- 
tively unknown, not well understood, and was 
being offered by only one company in competition 
with many manufacturers of steam engines and 


gas engines. 


The gas engine was highly developed ard was 
built and offered to the users in a wider range 


of horse ‘an the diesel engines of the time. 


In fact the gas engine coupled with the gas pro- 
ducer was giving the steam engine a tremendous 
fight for supremacy in the field of the small and 
medium sized plants. 


The gas engine was simple to operate and easy 
to understand, and thus appealled to the small 
user. The slogan of the gas engine manufacturers 
was, “No smoke, no smell, and a child can run it.” 


Coal fuel for the gas producer engine plant was 
obtainable almost anywhere at low cost. Fuel oil 
for diesel engines was not readily available. 


There were some oil engines available; they were 
not diesels but they did burn liquid petroleum 
fuels. 


Europe had expensive fuel and low labor costs. 
They welcomed an engine that consumed a mini- 
mum of fuel. Even if the diesel did require extra 
labor hours to build, the low labor costs did not 


raise the first cost too much. In the U. S., fuel | 


was cheap and labor costs were high. The ineffi- 
ciency of the steam engine and gas engine in oper- 
ation were not as important as the relatively high 
first cost of the diesel. 


And last but certainly not least was the patent 
situation which prevented the many manufacturers 
of gas engines from becoming too much inter- 
ested in diesel engines. 


But in the long range viewpoint, this accumulation 
of experience in designing, building and oper- 
ating gas engines was important. It laid the foun- 
dations of the use of small stationary engines using 
gasoline or kerosene on tractors and other farm 
machinery. Men were becoming internal-combus 
tion-engine minded. They were acquiring a vest 
amount of experience with pressures, thermal 
stresses, materials, workmanship, combustion, lub- 
rication, cooling and associated problems that 
would stand them in good stead when the original 
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diesel patents would expire and permit them to 


build diesel engines without acquiring a license. 


FAIRBANKS-MORSE 


In 1900 and 1901, this company entered the marine 
field with the ‘Type B engine. Of the four cycle 
type, the first engine was a 20 hp. with two cylin- 
ders. Before the close of the year, the line had 
been completed up to 75 hp. in three cylinders. 
The same box frame construction was used as for 
the earlier single cylinder stationary engines, and 
reversibility was obtained by use of a clutch and 
gears. Stationary Type R four cycle multicylinder 


vertical engines were brought out in that same 
year. Produced in sizes up to 200 bhp., they were 
designed for natural gas or liquid fuels although 
the latter required a different cylinder head and 
other parts. The illustrations show the details of 
these engines. Notice how the fuel was supplied, 
and how the combustion chamber was formed at 
the side of the upper part of the cylinder. The 
main bearings were adjustable from the outside, 
and bolts extended from the top of the frame to 
under the main bearings in the base. 


Rising prices of gasoline (even in that day!) stim- 
ulated the demand for an engine to use kerosene 
and the heavier distillates. The first attempt to 
meet this was by the use of vaporizers or exhaust 
ga» heat “generators.” The liquid fuel was fed 
into the generator where it was vaporized and 
drawn directly into the engine cylinder. These 
engines were of the horizontal type and were called 
Type N for kerosene fuel and NB for “crude oil” 
fuel. These engines were developed and marketed 
in 1902 and 1903. 


Still following the trend of the times, the company 
brought out in 1905 a line of producer gas en- 
gines. They were built as horizontal single cylin- 
der engines, and ruggedly enough safely to handle 


MAY 1948 


Left: Horizontal, Type NB engine 


for crude oil, 1902. 


compression pressures up to 150 Ibs. ‘They were 


successful as gas engines, for which they 


built, but not as satisfactory on liquid fuels. 


ATLAS IMPERIAL 
‘The real beginning of this company was in 1904. 
In that year, John W. Lorimer left the Hercules 
gas engine company to join Owens Warenskjold in 
founding the Atlas Gas Engine Company in San 
Francisco. ‘Iwo years later, their plant was de- 
stroyed by fire, and they lost everything. 


A little later, Marshall Harris of American Dredg- 
ing Company joined them. The three of them 
acquired capital and soon equipped another shop 
on 9th Avenue in Oakland. The business pros- 
pered and in a few years they needed more space. 


So in 1911, they consolidated the Imperial Gas 
Engine Company of San Francisco with the Atlas 
company, acquired the present site of the com- 
pany on 19th Avenue, and formed the Atlas Im- 
perial Gas Engine Company. 


The 1890s and the early 1900s were notable days. 
In the West Coast region, there were some forty 
companies building gas and gasoline engines. Most 
of them have long since disappeared, but a few, 
like Atlas Imperial, were the foundation for some 
of the active companies of today. 


But in those old days, the gas or gasoline engine 
was the usual source of power where it was needed 
and for whatever purpose. For instance, Hercules 
built gasoline engines for boats, for buses, for a 
gas powered snow sleigh for Alaskan work, and in 
1894 installed one in a wagon at the urgent request 
of a farmer who came to them. Gas engines were 
used in homes and hotels to drive vacuum clean- 
ers; 50 of them were installed from 1904 to 1907. 
And so it went. 


were 


Horizontal type N engine for kerosene fuel, 1903. 


UNION 

Union gasoline engines were being built in ever 
larger horsepowers. In 1905, three cylinder engines 
in sizes up to 125 hp. were being built. In 1907, 
engines of 80 to 250 hp. were of the open cross- 
head type. This construction permitted a direct 
and visible method of lubricating the piston pin 
from the force feed oiler; it also allowed easy and 
quick adjustment of the piston pin brasses with- 
out removing the cylinder head and piston, Hot 
pistons were unknown in this type of engine be- 
cause the piston pin was removed from the heat 
of the piston head and cool air was constantly 
drawn through the sides of the cylinder and piston. 
That part of the cylinder which acted as crosshead 
guide was water jacketed. This jacket served the 
double purpose of cooling the lower cylinder walls 
and collecting mud and sediment from the main 
water jacket. There were handholes covered with 
plates for removing this mud, 


These heavy duty engines were used in all sorts 
of vessels, such as fishing boats, glass bottom excur- 
sion boats, lumber schooners, oil tankers, South 
Sea Island traders, and Japanese fishing vessels. 
At one time 90 per cent of the Japanese fishing 
boats had Union engines. The tanker Contra Costa 
with twin screw engines of 250 hp. each, and 
pumping engines, has operated for over 40 years 
with the same engines. The tanker Petroleum II 
had a 200 hp. engine and made 7,154 voyages in 
35 years before retirement. The original bearings 
were never replaced. 


In addition to these heavy duty engines, a lighter 
type was developed in the early 1900s for use in 
cabin cruisers and many of them were built. 


VENN-SEVERIN 


This company was a pioneer in the oil engine 
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Left: Australian trading 

schooners built in San 

Francisco, fitted with 

Union gasoline engine 

auxiliary power units in 
the 1890's. 


Vessels below were all fitted with Union engines in 
al, tanker, . still in 


excursion boat, a South Sea Trader and Standard of 
service. 
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An early Buckeye semi-portable gasolene engine. 


field. Founded in 1906 by ‘Theodore Venn and 
F. W. Severin, the company has made oil engines 
from the beginning. ‘They were intended for 
heavy duty work and were simply constructed with 
the thought that highly trained mechanics would 
not be needed. Of the crankcase scavenging, two 
cycle type, the early engines had hot surface igni- 
tion for the fuel with water injection. 


BUCKEYE 

The Buckeye Machine Company began its career 
in the year 1908 as a small repair shop for gasoline 
engines up to 35 hp. In this venture considerable 
experience was gained in repairing and _ placing 
in running condition all types and models of gaso- 
line engines then very numerous in the adjacent 
Ohio oil fields. 


Shortly after entering the repair business, the 
company purchased all of the completed, semi- 
completed and rough castings from the then in- 
solvent Gas Producing Company and proceeded 
to fabricate these into gasoline engines. Finding 
these engines to be poorly designed, the company 
designed its own line of gasoline engines in 1909. 
The first engine was a 2 hp. single cylinder unit. 
Other models followed with ratings from 2 to 25 
hp. These engines were extensively used within 
their power range around the oil fields, farms and 
small business establishments throughout the fol- 
lowing years. In addition, all makes of engines 
were repaired. 


A.S.M.E. GAS POWER SECTION 


Indicative of the importance of internal com- 
bustion engines, and especially gas engines, was 
the formation of the Gas Power Section of the 
American Society of Mechanical Engineers in 1908, 
forty years ago. It was significant of the trend of 
the times that there were a sufficient number of 
engineers who were interested in gas engine prob- 
lems to want to establish a group of their own 


Union marine engine furnished the Far East; note ex- 
tended bed plate with reverse gear and thrust bearing. 
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and equally significant that the management of 
the Society approved. It was Dr. C. E. Lucke who 
initiated this movement. He was a member of the 
staff in the Mechanical Engineering Department 
at Columbia University and was concentrating 
especially on internal combustion engines. With 
the aid of Henry L. Doherty, later of the Cities 
Service Company, permission was obtained from 
the A.S.M.E. officials to go ahead with this idea. 


Accordingly it was arranged that during the 1907 
Annual Meeting of the Society on December 4th, 
1907, one session was devoted entirely to gas 
power. Four papers were presented, all of them 


on gas or internal combustion engines. 


At the conclusion of the session, 17 members of 
the Society and 11 guests signed a petition for “a 
section on gas power engineering.” Mr. H. H. 
Supplee was chosen secretary of this informal 
meeting and presented the petition to the Council 
of the Society, which was cordially received. ‘This 
was the first professional section of the ASME. 
Years afterward when the diesel engine had _ be- 
come more prominent and the Society had changed 
its organizational setup, the name was changed 
to Oil and Gas Power Division and today it is one 
of the most important in the Society. 


Rules for this first professional section were ap- 
proved by the Council and the first regular meet- 
ing was held February 11th, 1908. The group 
organized with Dr. Lucke as Chairman for one 
year from December 6, 1907 and H. H. Suppiece 
as Secretary. Four papers were presented that 
evening. One of them was “A Gas Electric Car” 
by H. G. Chatain. This paper discussed a General 
Electric-built railway car with an eight cylinder 
125 hp. gasoline engine with generator and electric 
motors on the trucks. The car weighed about 31 
tons and attained a speed of 50 miles per hour. 
This gas electric car development was one of the 
important forerunners of the diesel electric loco- 
motive development of more recent years. 


DE LA VERGNE 


As already told, this company began the commer- 
cial production of oil engines in this country in 
1894 and 1895, with the Hornsby Ackroyd engine. 
They were sold in large numbers to lighthouse 


stations for blowing the foghorns, to water pump- 
ing plants, to factories for driving the mac hinery 
through belting, for use in driving electric gen- 
erators, in fact for any use where power was re- 
quired, They proved to be reliable in operation, 
and a minimum of attention was required, In 
1905, the Baldwin Locomotive Works bought two 
of these engines to drive the power shafting in 
their Philadelphia factory and they were so suc- 
cessful that within a short time they acquired 33 
more such engines, ranging from 65 to 250 hp. 
each, and totalling 5300 hp. Some of the engines 
drove electric generators but many were used to 


drive the shafting by belting to it. 


Phe first use of such an engine for pipe line pump- 
ing was in 1902. A small engine was installed at 
Fawn Grove, Pa., for the Standard Oil Co. of N. J. 
In 1907, the Gulf Pipe Line Company built 2 
main line from Okalhoma to Port Arthur, Texas, 
and equipped it with 85 hp. engines of this type. 
Four engines were used per station, This example 
was followed a year later by the ‘Tidewater line. 
This was the beginning of the use of oil and diesel 
engines for pipe line pumping service, and it 
showed that this was the lowest cost method of 
transporting crude petroleum from the oil fields 
to the refineries or to coastal shipping ports. 


DE LA VERGNE TYPE FH ENGINE 
In 1905, the De La Vergne company realized that 
a better engine than the Type HA was needed, 
especially for pipe line work. They decided to do 
their own development work and their engineer 
Alexandro Franchetti undertook the job. The 
new engine was to have a better fuel consumption 
and be able to burn heavy fuels, even asphaltic 
base crudes, with a clean exhaust. By 1908 the 
new engine was being sold commercially and was 
known as the Type FH. It was built as a horizon- 
tal engine in two cylinder sizes, 100 and 140 hp. 
per cylinder, and as one and two cylinder units. 


Many of the structural details, sch as the frame 
and the crankshaft, were taken from the corre- 
sponding sizes of gas engines which the company 
built. The fuel was injected by compressed air 
into a hot surface bulb on the side of the cylinder 
head. The compression pressure was 280 Ibs. per 
sq. in., the maximum cylinder pressure was 480 
Ibs. and the injection air pressure 600 Ibs. 


These engines were guaranteed to burn any crude 
oil, distillate, or fuel oil produced in the United 
States or Mexico, irrespective of the gravity of the 
fuel or its sulphur content. The fuel guarantee 
was 0.49 Ibs. per bhp hour but the usual con- 
sumption was much lower, even below 0.4 Ibs. 


These engines were successful, widely used for pipe 


line pumping and other power purposes, and in 
later years were built up to four cylinders. 


DE LA VERGNE TYPE S ENGINE 


Also developed at about this time but offered com- 
mercially only for a brief period about 1909, was 
a vertical, two cycle, low compression, hot bulb 
engine known as the Type S. The compression 
pressure was about 100 Ibs. and the maximum 
pressure in the cylinder about 225 Ibs. Fuel con- 
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Left: Plan view of Gulf Pipe Line Co.'s pump- 
ing station with four early De La Vergne oil 
engines. 
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Single cylinder De La Vergne, Type "FH" oil 
engine. 


Below: Transverse section showing hot bulb, 


valve gear and governor. 


Below, right: Longitudinal section of the De La 
Vergne "FH" engine. 


sumption was about 0.8 Ibs. per bhp. hour. It was 
a pump injection engine, and was an attempt to 
improve on the performance of the Type HA. It 
was significant for that reason and because its fuel 
injection nozzle was the forerunner of that 
adopted in 1917 for the Price system. 


SOME EUROPEAN COMPANIES 


By 1898 or 1899, an important firm in every in- 
dustrial country in the world had acquired a 
license for manufacturing diesel engines. Several 


a> 


firms in Germany had a license. The details of 
the development varied with the individual com- 
pany and the character of machinery they had 
been accustomed to building, and with the require- 
ments of the country where these firms sold their 
products. Starting slowly at first, the development 
soon took on an accelerated pace. In time, some 
of these firms who had acquired a license early 
and who had advanced their development work 
rapidly, licensed other firms, especially in other 
countries. This brought about a quick and exten- 
sive spread of information and experience in the 
manufacture and use of diesel engines. It also 
helped to increase the variety of types of engines 
developed and the varieties of use of the diesel. 


Although, as already stated, the diesel engine was 
protected by patents until 1912 in this country 
and independent and widespread development was 
retarded until after that date, the early develop- 
ments in other countries are important because 
of their influence upon the trends here. In fact 
several firms in this country have at one time or 
another had a license from foreign firms and have 
thus been influenced in their designs by the Eu- 
ropean developments. On the other hand, it has 
been found by all licensee firms in this country 
that conditions here are sufficiently different so 
that seldom could the identical designs be used. 
Rather the license served to provide a background 
of information and experience, to provide an 
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DIESEL CAPITAL OF THE WORLD — Barstow, California, is one of the main Diesel shops on the Santa Fe. 
This line-up includes both the powerful 5,400 H.P. and 6,000 H.P. giants ready for freight and passenger service. 


The Santa Fe fleet of Diesel locomotives 
is the largest in the world. 

In numbers, that means 552 units, with 
717,760 horsepower. On order, with de- 
livery expected in 1948 and early in 1949, 
are 100 more units, which will bring 
the grand total to 864,760 horsepower. 


This great array of power means ability 
to move freight in greater tonnage with 
better ‘‘on-time’’ performance, easier 
starts and stops, smoother handling. It 
is a big part of Santa Fe’s ability to carry 
the load—and a big reason for you to 
ship “Santa Fe—all the way.” 


Santa the way 
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interchange of ideas, and in some cases it was the 
firm here who provided the experience and gave 
the license to the European firm. In short, the 
development of the diesel engine has been truly 


world wide. 


SULZER BROS. 


This Swiss firm had long been a builder of large 
steam engines, and a single cylinder diesel engine 
of only 15 to 20 hp. seemed not much more than 
a toy to them. So their thoughts quickly turned 


to engines of greater power. 


Starting from the first single-acting four-stroke 
engine mentioned previously, the series of four- 
stroke units were developed in the first ten years 
to an individual cylinder output of 250 hp. At 
that time four cylinders per engine were normally 
regarded as the maximum, so that the require- 
ments for stationary plants were covered up to 


one thousand horsepower. 


From the outset, however, Sulzer Brothers—and in 
particular the head of the new diesel department, 
Jakob Sulzer-Imhoof—had a goal in view beyond 
those which Rudolf Diesel had described in a 
paper before a meeting of the Verein Deutscher 
Ingenieure in the summer of 1897. Diesel had 
dwelt on the low fuel consumption, the simple 
attendance and the constant readiness for service 
of his engine, and had emphasized that these quali- 
ties would permit a decentralization of power 
generation and the provision of numbers of small- 
er units. Sulzer-Imhoof was more interested in 
the development of large engines and directed 
his endeavours in particular towards the employ- 
ment of the diesel engine for the propulsion of 
ships, an application for which reversibility was a 
necessary feature. In view of the moderate speed 
of revolution demanded by a marine propeller, it 
was also essential that a hign output should be 
attained in relation to weight and space require- 
ments. For these purposes Sulzer felt that the two- 
stroke engine offered the most favorable prospects. 


Sulzer Brothers therefore can claim to have been 
among the first to recognize the special advantages 
of the two-stroke cycle for Diesel engines. They 
resolutely followed up the development of this 
cycle in spite of all the prejudices then ranged 
against it, and thus opened the way for the use 
of the Diesel engine in marine propulsion. 


The first direct-reversible marine Diesel engine, 
capable of driving the propeller in both directions, 
was built by Sulzer Brothers in 1905. In 1906 it 
was exhibited at Milan, where it evoked animated 
interest. It had four cylinders of 175 mm. diameter 
and 250 mm. stroke and developed 90 bhp. at a 
speed of 375 rpm. 


In 1911 Sulzer two-stroke engines reached individ- 
ual cylinder outputs of 600 bhp. An engine with 
four cylinders, making a total output of 2,400 hp., 
was at that time a triumph of engineering. 


In their attempt to simplify and perfect their en- 
gines, Sulzer Brothers were at the same time inves- 
tigating the possibility of replacing valve scav- 
enging by the much simpler system of port scav- 


Carels 500 hp. engine of 1905—the largest of its time. i 


enging. The decisive step from one design to the 
other was taken in 1909 and 1910, and finally led 
to the well-known Sulzer extra-charging system 
with two rows of scavenging ports. In this system 
the upper scavenging ports were held open by 
special gear somewhat longer than the exhaust 
ports, with the result that the cylinder received 
an extra charge and its output was accordingly 
increased. The two engines intended for the 
Italian mail vessel “Romagna,” which developed 
310 bhp. each at 225 rpm., were equipped with 
this new scavenging system in 1911, as well as 
with the spray piston-cooling system which had 
been evolved in the meantime. In the following 
year the cargo and passenger ship “Monte Penedo” 
was put into commission with two Sulzer two-stroke 
engines of 800 bhp. each. This vessel is still in 
service with the same engines and is named 


“Sabara.” 


CARELS 


In 1900, this firm was a well known builder of 
steam locomotives and uniflow steam engines. It 
had been natural for them to become interested 
in the diesel engine. The experimental engine, 
already mentioned, which was the first diesel they 
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Center, above: in 1908 Carels built this 1000 
hp., direct reversible marine engine. 


Above: Carels experimental single cylinder, 
1000 hp. engine built in 1910. 
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uilt, was never sold... But the experience gained 
-nabled them to build, in 1900, an 80 hp. single 
cylinder four cycle engine which they installed 


in their own works for supplying power. It was 
used satisfactorily for more than ten years. 


By 1903, they felt that they had an engine which 
was practical and could be put on the market. 
They standardized on a four cycle air injection 
engine of approximately 18 in. bore by 26 in. 
stroke running at 180 revolutions per minute. It 
was rated at 80 bhp. per cylinder. The engine 
was built mostly in one or two cylinders. This 
was quite an increase in cylinder size over the 
original experimental engines. 


Jean Santschi worked at Carels at that time and 
he tells how the experimental work was carried 
on very secretly in a special department. Dr. 
Diesel and some of his Geiman assistants came to 
Carels to confer frequently, and Santschi was the 
interpreter. The commercial engines went through 
quite a lengthy procedure in preparation for their 
tests. The engines were belted to electric motors 
_ and turned over for days in order to wear in the 


piston rings so that a compression of approximate- 
ly 450 Ibs. could be obtained. After the compres- 
sion was considered high enough, fuel was turned 
on. If the fuel ignited, the belt was thrown off. 
During such tests, Dr. Diesel or one of his assistants 
was present to show the Carels men what had to 
be done. Many indicator cards had to be taken 
and the shape of the fuel valve cams was changed 


until the shape of the card was satisfactory. 


However, rapid progress was made. By late 1905, 
Carels built the largest diesel engine anyone had 
attempted to build up to that time. It was a four 
cycle, air injection engine of three cylinders with 
a bore of approximately 21 in. and a stroke of 
3034 in., running at 160 rpm. and rated at 500 
bhp. It was exhibited at the International Ex- 
hibition at Liege and was sold. 


In 1906, Carels sold, through the Diesel Engine 
Company, Ltd. of London, eight two cylinder 
engines rated at 160 hp. each, direct connected 
to low lift centrifugal pumps for an_ irrigation 
project in India. This, at the time, was the largest 


diesel engine order anvone ever had_ received. 


The Burmeister & Wain experimental diesel engine of 1898. 
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Santschi was assigned to install these engines and 
he was given special instructions by Dr. Diesel 
himself and by the chief engineer of Carels. These 
engines were followed by orders for several more 


engines for various power purposes in India. 


Carels became interested in marine engines and 
decided to adopt the two cycle type. They devel- 
oped an air injection directly reversible engine of 
1000 bhp. in five cylinders. This was built in 
1908. ‘There were valves in the cylinder heads for 
scavenging purposes and the air compressor of the 
radial type, was at the forward end of the engine. 
Note the use of cast iron A frames as had been 
used on the stationary diesels. 


The results were so encouraging that the possi- 
bility of building diesels of several thousands of 
horsepower was considered. In order to establish 
a background for such an undertaking, an experi- 
mental single cylinder engine was built in 1910 
and is shown in the accompanying illustration. 
This was a two cycle engine and rated at 1000 
bhp. in the one cylinder. It was probably the 
largest cylinder built up to that time. 


In the meantime, many two cycle engines of mod- 
erate cylinder size were built and sold commer- 
cially. They were so successful that several ship- 
building firms in Great Britain, France and Ger- 
many acquired a license from Carels to build 
directly reversible two cycle marine engines. 


It was in 1913 that two 1150 bhp. two cycle en- 
gines were sold to the Phelps Dodge Corporation 
for installation in the U. S. for stationary power. 


As already mentioned, this company's experimental 
engine was tested in May 1898, but the various 
difficulties had caused a heavier drain on the 
financial resources of the company than it could 
then bear without serious concern. 
In the following year the Diesel Motoren Com- 
pany of Augsburg offered to buy back the Mirrlees 
exclusive license, and after negotiation this was 
arranged in return for a non-exclusive license and 
a sum of money. 


During this year (1899) it was decided to reduce 
the capital of the company which was recon- 
structed as the Mirrlees Watson Company. Not 
long after this Charles Day was appointed General 
Manager of the company and his first problem 
was to find work for starving workshops. He 
learned of the work done by the company on the 
diesel engine, and having had previous experience 
with two-stroke cyele gas engines, where pre- 
ignitions and back firing were not infrequent oc- 
currences, he was attracted to the diesel engine. 
After running it several times and experiencing 
some of the troubles, he made certain alterations 
and built two new engines of larger size. The 
alterations to the old engine proved successful, 
and the engine was still in regular service in 1934. 


The two new engines on completion were installed 
in the company’s own powe: house, and put into 
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Longitudinal section of Burmeister & Wain open, 
cated, stationary engine, 1904. 


daily service. ‘Troubles of course occurred, but 
they were overcome one by one until this size and 
type of engine became reliable and successful. The 
success of these 40 hp. per cylinder engines run- 
ning at 200 rpm. created a demand for lighter 
engines for use as auxiliaries on board warships. 


Two four-cylinder engines, cach of 160 bhp. at 
400 rpm. were ordered for H.M.S. Dreadnought, 
the warship which created so much interest at the 
time owing to its important new features and to 
the great rapidity of its construction. This order 
was followed a few months later by orders for 
similar engines for H.M.S. Minotaur and H.M.S. 


Shannon. 


About the end of 1905 orders were received from 
the Admiralty for specially light engines for the 
propulsion of pinnaces. ‘These were four-cylinder 
engines developing 120 bhp. at 400 rpm. The bed- 
plates were of aluminum and the columns of 


manganese bronze. 


An interesting carly experience was a diesel-elec- 
tric propulsion scheme in 1912 on the Tynemount. 
The two engines each of 300 bhp. were similar to 
a number of engines supplied to the British Navy 
but the electrical equipment contained many novel 
features. Unfortunately it did not give the ex- 
pected results and was not continued. The en- 
gines were afterwards installed in power plants 
ashore and were still working in 1934. 


The troubles experienced with the early engines 
were principally cracked and_ seized pistons, 
cracked cylinder covers, wrist pin bearings, valves 
and compressors. Cracked pistons necessitated the 
trial of various designs until the trouble was over- 
come. Seized pistons proved the necessity for ex- 
tremely accurate alignment, while the necessary 
and the permissible diametral clearance had to 
be determined by experience. 


52 


ring-lubri- 


‘Troubleat: the wrist” pin ends of connecting rods 
was best” met with the design of the step type 
hearing, which reduced the load per square inch, 
in conjunction with a floating wrist pin. The 
use of nitrided wrist pins has effected still further 
improvement. Valve troubles were reduced step 


by step. 


‘Yorsional vibrations of crankshafts are much bet- 
ter understood now than in the early days of diesel 
engine manufacture. The first six-cylinder diesel 
engines were made in 1912, and the possibility of 
torsional vibrations both in the crankshaft and 
the camshaft was recognized. ‘To reduce the risk 
of trouble with the camshaft and its gear drive, 
Day arranged the latter at the middle of the crank- 
shaft and the camshaft. Fortunately vibration 
trouble did not occur on these engines, but in 
the case of a larger slow speed engine made later, 
there was this trouble and it had to be overcome 
by a change in the diameter of one half of the 
crankshaft. This 
trouble. 


completely eliminated — the 


BURMEISTER & WAIN 


As soon as the agreement with Rudolf Diesel had 
been made, Burmeister & Wain commenced the 
construction of an experimental engine based on 
Diesel’s principles. German drawings were used, 
but although experiments progressed steadily, the 
management of Burmeister & Wain did not be- 
lieve that the engine was ready for the market yet. 
A great deal of work remained to be done, and 
the actual manufacture was therefore postponed. 


In the late summer of 1903 it was at length de- 
cided to take up the manufacture of Diesel en- 
gines, as the experimental engine had been greatly 
improved in the meantime, and Burmeister & 
Wain felt sure that their Diesel engines could 
now compete with existing power engines. 


. 


B & W, 240 hp. enclosed, stationary diesel engine with 
pressure lubrication and 3-stage compressor. 


For many years Burmeister & Wain had been re- 
nowned for their first-class steam engines. The 
design was fully equal to that of any other firm, 
and the precision of the workmanship was famous. 
The Diesel engine now benefitted by this experi- 
ence, and this is borne out by the fact that the 
first ten Diesel engines constructed in 1904, with 
outputs ranging from 8 to 160 bhp., were still in 
service and working to the satisfaction of the own- 
crs after 33 years. ‘The largest of them had been 


running day and night. 


There were, naturally, many difficulties to over- 
come before this success was achieved. The piping 
from fuel oil pumps to distributors was, for in- 
stance, made of copper until one day a fuel oil 
pump cracked. The subsequent investigation re- 
vealed that the fuel oil contained sulphur which 
had corroded the copper piping. Sulphur copper 
had formed and choked the pipes, resulting in 
excessive back-pressure in the fuel oil pumps. ‘To 
avoid repetitions these pipes were replaced by 
steel pipes. Another incident is also characteristic 
for this period of experimentation. The first Diesel 
engine made was for a private power plant. A 
very heavy fly-wheel had been made for this en 
gine, but as the workshop technicians were very 
doubtful as to the advisability of fitting a fly-whee! 
of this size to the engine, more than half of the 
fly-wheel ring was turned off. Subsequent tests 
however, proved that a fly-wheel of the origina! 
dimensions was necessary and a new ring wa» 
fitted to increase the weight of the fly-wheel. 


The first diesel engines were employed in station 
ary plants and it was quickly realized that the 
diesel engine was an excellent, economical anc 
reliable prime mover. As there was an ever it- 
creasing demand for electricity, the Diesel engine 
was adopted by many small power stations. It wis 
soon realized that this engine had many advan- 
tages compared to previous power engines and 
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vefore long it was preferred to all other engines. 
\ great many small power stations were built all 
over Denmark and diesel engines were installed 
in the majority of them owing to the compara- 
tively low first cost and particularly in view of 
the low running expenses. Thanks to the B & W 
liesel engine a great part of the population of 
Denmark could enjoy the advantages of electricity 
at a very early period. 


‘The open, ring-lubricated mainbearing diesel en- 
gine type prevailed during the first decade of this 
century and it was of an improved design com- 
pared to the experimental engine. The crosshead 
had been removed as it was considered superfluous, 
the compressor was now a 2-stage instead of a 
l-stage pump, and the fuel valve had been pro- 
vided with an adjustable atomizer of a design 
ensuring satisfactory fuel injection. 


‘Phe number of Diesel engines manufactured in- 
creased year by year and developments gave rise 
to a demand for engines of an ever increasing out- 
put. In 1904 the most powerful Diesel engine 
developed 160 bhp., in 1906: 180 bhp., in 1907: 
240 bhp., and in 1908: 360 bhp. This stage in the 
development of the stationary diesel engine may 
be considered to have concluded in 1909 with the 
supply of two engines to Aalborg Elektricitets- 
vaerk, No. 179, a 3-cylinder engine of 450 bhp., 
and No. 180, a 4-cylinder engine of 600 bhp., i.e. 
150 bhp. per cylinder. 


In 1909 the construction of marine diesel engines 
was commenced. The development of this engine 
type affected the stationary engine, as the experi- 
ence with the marine diesel engine was, as far as 
possible, used to improve the stationary engine. 


The totally enclosed diesel was the next, im- 
portant stage of the development, and the char- 
acteristic feature of this engine type was the forced 
lubrication system. This system had been devised 
partly because it was difficult in large engines to 
lubricate the gudgeon pin in a satisfactory way. 
Forced lubrication ensured a safe and efficient 
lubrication, and moreover, it required less attend- 
ance and inspection. This improvement was of 
great importance to marine diesel engines as these 
had a greater number of cylinders per engine than 
stationary engines. 


Forced lubrication meant a great saving in the 
attendance of the diesel engine. Various other im- 
provements were made with this in view. By adop- 
tion of the downward-opening fuel valves the 
diifusing holes of the previous upward-opening 
valves were avoided. This was a decided advan- 
tage as the diffusing holes had to be cleaned now 
and then. Moreover the exhaust valves were pro- 
viced with loose, cast-iron seats whereby the valves 
could work for longer periods without overhaul. 


Much of the time spent for attendance of the 
old diesel engine type was taken up by overhaul 
of the 2-stage compressor. In the new engine type 
the air was compressed in 3 stages. This gave the 
advantage that the rise in the temperature of the 
air between each stage was reduced, and con- 
sequently the carbonizing of valves and piston 
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rings was slower, whereby longer intervals between 
overhauls were permissible. 


Another significant feature of this engine type 
was the manner in which the cylinders were held 
down by means of long staybolts going from the 
cylinder flanges down the sides of the main bear- 
ings into the bedplate, and hereby the powerful 
forces caused by the gas pressure in the cylinders, 
which had hitherto been transmitted through the 
cast-iron frame, were now transmitted to the bed- 
plate through these long, elastic stay-bolts. All 
these important improvements were only attained 
after years of experimenting and disappointments. 


NV.A.N. 
In Germany, diesel development was proceeding 
at a rapid pace. The Nuremberg Machinery Com- 
pany (founded in 1837) had joined with the Augs- 
burg Company (1840) to form the Machinenfabrik 
Augsburg Nuremberg (1898), or more familiarly, 
the M.A.N. Company. The Augsburg branch con- 
centrated principally on the development of the 
four cycle type, and the Nuremberg branch on the 
two cycle type. Vertical and horizontal four cycle 
engine types were built. The horizontal tandem 
and twin tandem, double acting, four cycle en- 


Transverse section through cylinder of the Nelseco- 
Vickers diesel engine. 


@— 
od 
/ 
/ 
NS 
‘ 
Y 
\ 
i 
\ 
/ 
| 
= 
q 
g 
+ 
\ 


gines were adaptations from the corresponding 
types of gas engines which had been built pre- 
viously. The Nuremberg company developed a 
line of moderate running and fast running stepped 
piston type two cycle engines. The working piston 
and the scavenging piston were in one piece with 
the scavenging piston below and acting as a cross- 
head. The annular area between the outside of 
the working piston diameter and the scavenging 
piston diameter was the scavenging air pump. 
Scavenging of the working cylinders was through 
valves in the head, and the exhaust ports were 
around the lower part of the working cylinder, 
This particular development was important be- 
cause many of the fast running engines were used 
in submarines, and in 1910 the M.A.N. company 
licensed the Electric Boat Company in the U. S. 


to build such engines. 


To show the growth of the industry, the M.A.N. 
company alone had, by the end of 1911, received 
orders for diesel engines totalling 300,000 hp 


A PROPOSAL TO THE NAVY 
Probably the first proposal to the U. S, Navy to 
power any Naval craft with a diesel engine was 
a letter dated December 1, 1908 written by E. D. 
Meier, Engineer in Chief of the American Diesel 
Engine Co. to Rear Admiral John K. Barton, 
Engineer in Chief of the Navy. In this letter, Mr. 
Meier proposed substitution of a diesel for the 
existing steam plant in a 50 foot Navy cutter, The 
diesel was a two cycle engine similar to that fur- 
nished by Sulzer Bros. to the Italian Navy. The 
diesel plant weighed 514 tons and occupied a little 
less space than the steam plant. While nothing 
came of this proposal, it was an idea slanted in 


the right direction as events were to prove, 


NELSECO DIESELS 


Even before the diesel patents in the U. S. expired 
in 1912, the interest in diesels was increasing and 


one firm, working under license, began to build 
diesel engines and did much pioneering work. 


The first practical submarine in this country was 
the Holland type, and the Electric Boat Company 
was organized to build submarines under the 
Holland patents. All of the early U. S. submarines 
were of the Holland type and built by the Electric 
Boat Co. This company also licensed European 
builders to build submarines, under the Holland 
patents, for foreign countries. Soon after the turn 
of the century, the Electric Boat Company was 
actively engaged in this work and the submarine 
was in the early stages of active development. 


‘The early submarines in this country were driven, 
on the surface, by gasoline engines. It does not 
take much imagination to realize that the use of 
such engines in the confined and (in that day) 
poorly ventilated engine room spaces was unsatis- 
factory and in many ways definitely hazardous. 
The diesel engine, with its non-volatile fuel, was 
heartily welcomed by all builders of submarines. 
Prior to 1909, Vickers in England had developed 
a submarine diesel of the air injection type using 
kerosene as fuel. Electric Boat had close relations 
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with Vickers because the latter were licensed under 
the Holland patents by Electric Boat. So in 1909, 
when the E and F type submarines were con 
tracted for by Electric Boat, the decision was 


made to use Vickers type diesel submarine engines. 


The Vickers designs were used in all details and 
the engines were built under contract by the 
Bethlehem Shipbuilding Co. at Quincy, Mass. ‘This 
shipyard built the submarine hulls for Electric 
Boat. The engines were built in 1910 and the 
submarines went through their trials and into 
commission in the summer and fall of 1911. ‘The 
E boats had twin screw four cylinder engines of 
275 bhp. at 400 rpm. and the F boats had six 
cylinder engines of 400 bhp. at 400 rpm. ‘These 
engines were of the four cycle type with cylinders 
1234 in. by 131% in., and the air compressor was 
placed midships of the engine with its own crank 
on the crankshaft. ‘The bedplates were of cast 
steel. Steel plate A frames were set across the 
engines over cach main bearing. ‘The cylinder 
heads and the upper ends of the liners with their 


A Nelseco, “Heavy Weight," slow speed, 300 hp. diesel. 


jackets were secured to the tops of the frames. 
The lower ends of the liners were guided by hori- 
zontal plates fastened to the frames. This con 
struction is interesting because it was one method 
of obtaining a light weight engine for submarine 
use, and with some modifications was used by 
Vickers fon 
operation on kerosene, actually diesel fuel oil was 


many years. Although designed for 


used quite successfully, 


By 1910, the Electric Boat Co. beaame convinced 
that not only was the diesel engine what they 
needed for submarines but it was ready to be intro- 
duced commercially. Accordingly, they acquired a 
license from the M.A.N. company and thus could 
operate under the original diesel patents as well 
as several strictly M.A.N. patents. In order prop- 
erly to build these diesel engines, they organized 
as a subsidiary the New London Ship & Engine 
Company and built a new manufacturing plant at 
Groton, Conn, Engines for submarines were built 
for the Electric Boat Co. and commercial engines 
were marketed under the trade name of Nelseco. 
This new plant began actual operations in the 


spring of 


The first engines built were of the Nuremberg 
design, of the two cycle, valve ia head scavenging, 
stepped piston type. They were directly reversible 
and all used for marine purposes. Cast iron con- 
struction of the base and frame was used for the 
commercial engines but for the submarine engines, 
the base and frame were vanadium bronze castings. 
While these bronze castings were relatively costly, 
they did reduce the engine weight; such engines 
weighed about 60 to 70 Ibs. per horsepower. Fuel 
consumption was 0.50 to 0.53 Ibs. per hp. hour. 


The first engine built and installed was a_ six 
cylinder 150 hp. engine in the small yacht Idealia, 
built and used for demonstration purposes. The 
first commercial engine built was a six cylinder 
300 hp. at 300 rpm. engine which weighed about 
32,000 Ibs. or a little over 100 Ibs. per hp. It was 
installed in the oil barge S O No. 62, in 1911, 
and was the first installation in the U. S. of a 
commercial marine diesel engine. As was to be 
expected, there were many troubles with it. It 


was the first of ity kind. The operators were net 
familiar with it. ‘The two stage air compressor 
which supplied the injection air, gave troubk 
There were mechanical difficulties. And the lubri 
cating oi] consumption was excessive. After a few 


vears, the engine was removed. 


In the meantime, the Electric Boat Co. had taker 
a contract for some H class submarines for the 
U. S. Navy. 
were used and these were the first of this engine 
type to be used for U. S. Navy submarines. They 
were six cylinder engines, 1] in. by 1214 in., rated 
at 450 hp. at 450 rpm. Built in 1911, they were 
placed in operation in 1912. These H class boats 
were followed at yearly intervals by the K and | 
classes. The same type of engines were used but 


with such modifications in detail design as experi 


‘Two cycle stepped piston engines 


ence indicated were desirable. 


In 1912, the Electric Boat Co. signed a contract 
for two submarines for Chile, each submarine to 
have two engines rated at 300 hp. at 500 rpm. 
The engines were built and passed their test stand 
trials in 1913. ‘They were very high speed engines 
in their day and when, on the test stand, they 
successfully passed a 72 hour non-stop run at ful! 
power and full speed it was considered a notabl 
event. Incidentally, these submarines were fin 
ished about the time World War I broke out and 
they were purchased by the Canadian Government 


LARGER STATIONARY ENGINES 
WERE NEEDED 


It will be remembered that Norman McCarty wa; 
the New York sales representative of the Ameri 
can Diesel Engine Co. By 1910, he became con- 
vinced that there was a definite demand in thi- 
country for a larger stationary diesel engine than 
American Diesel was offering. He accordingly lef: 
them and entered into an engagement with th 
Atlas Engine Works of Indianapolis, Indian:. 
This company was at the time in the hands of | 
creditor's committee, and apparently the hope wes 
that by going into the diesel engine business the 
company could again be made prosperous. In any 
event, McCarty undertook the development of a1 
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Left, op page: I91! saw the first commercial 
marine diesel installation in the oil barge S.O. 6&2. 
Engine was a Nelseco, six-cylinder, 300 hp. Seen (with 


a glass) on the port side aft is James Barnaby. 


Next left: Working side view of Nelseco, high speed, 
“Medium Weight,” 150 hp. diesel—about 1912. 
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fransverse section of the Nelseco-MAN engine. 


Right: Top view and transverse section of the engine for 
the Standard Oil barge, shown on opposite page. 


ngine with 21 ir. bore by 30 in. stroke and rated 
‘(175 hp. at 180 rpm. per cylinder. This was to 
ve the largest diesel engine in this country. As 
‘an be seen from the illustrations, the engines 
were of heavy and substantial construction. Of 
the four cycle type, the valves were operated by 
eccentrics through toe cams in order to give quick 
opening and closing of the valves, and quietness 
of operation. 


This type of valve gear was not uncommon at the 


time. Pistons and exhaust valves were water 
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cooled. The old American Diesel idea of adjus- 
able main bearings was used. McCarty’s consider- 
able experience with diesels enabled him to take 


good care of many of the details. 


Several of these engines were built. One of the 
units, a six cylinder 1,000 bhp. engine, was in- 


stalled in the Hawaiian Islands and was for a 


number of years the largest American-built diesel. 


In a few years, the company went through a re- 


ceivership. The new Mr. Denkman of 


owner, 


Rock Island, Il, reorganized the company and 
changed the name to the Lyons Atlas Co. The 
company continued to be active in smaller sizes 
of engines. 


THE DIESEL PATENTS EXPIRE 


By 1912, the situation for the diesel engine in this 
country was quite different from what it had been 
in the preceeding years. Reciprocating steam en- 
gine plants were fading from the picture. Al- 
though large reciprocating steam engines were still 


| TRAY =) | 

| | | 

| 

| 
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being built, nevertheless they had sen their hey- 
day. The small and medium size gas engine busi- 
ness was on the decline. Central power station 
systems were beginning to cover the manufacturing 
areas and the individual power plants were dis- 
appearing rapidly. The basic diesel patents had 
expired. The petroleum industry was developing 
rapidly, especially in the mid-continent and south- 
western areas, and the distribution of petroleum 
fuels was increasing. It was natural for engine 
manufacturers to turn to diesel engines and to 
oil engines. And the market for their products 
was there. The nation’s economy was expanding. 
Ships and vessels of all sorts were being built. 
Farms and homes were being electrified. Stores. 
public buildings and factories were being built 
and needed more power. 


Some engine manufacturers turned to the true 
diesel engine. Others built the hot surface ignition 
type. The latter were glorified by being called 
“semi-diesels,” a reflection of the increasing inter- 
est in and the popularity and importance of the 
diesel engine. But these semi-diesels were im- 
portant in a way, because they all used pump 
injection of the liquid petroleum fuel, although 
it was low pressure injection. 


In 1912 and the years following, many firms broke 
into the diesel engine business but not all of them 
survived and continued to carry on. Their con- 
tributions were interesting though because many 
of the designs were original with the individual 
companies; their engines were not designed and 
built under license. It is not feasible to list all of 
the companies and describe their efforts, but those 
given here were typical and represent the trend 
of the times. Progress in the broad knowledge of 
diesel engine design had progressed to the point 
where each company designed its engines accord- 
ing to the requirements of the customers in the 
fields where they sought to sell them. 


For instance, Allis-‘Chalmers built a number of 
horizontal, four cycle, air injection diesels and 
sold several for pipe line pumping purposes in 
1912. There was the “Standard Fuel Oil” diesel 
engine designed by C. H. Blanchard and placed on 
the market in 1913. It was of the single cylinder, 
horizontal, two stroke, air injection type. The 
governor controlled both the quantity of fuel and 
the quantity of injection air to the spray valve. 
Later, this engine was redesigned and built as a 
vertical engine. 


MOTORSHIP “SELANDIA” 


Simultaneously with the improvement of station- 
ary diesel engines it was endeavored to adapt the 
diesel engine for marine purposes. The East 
Asiatic Company commissioned Burmeister & 
Wain to build the first, large ocean-going Diesel 
motorvessel “Selandia,” which sailed on her maid- 
en voyage on the 12th February, 1912. This ship 
was followed everywhere with tremendous interest 
as it would mean a new era in the development 
of navigation if the experiment proved successful. 


The engine plant of the “Selandia” consisted of 
two 8-cylinder main engines with a total output 


Above: The McCarty three- 
cylinder Diesel engine. 


Right: Transverse section 
through the above engine. 


Below: Longitudinal section 

through Blanchard’s "Stan- 

dard" Diesel — a 2-cycle 

type in which simplicity 
was emphasized. 
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1948 —the fiftieth anniversary of the Diesel engine in American service .., 


The history of the industry documents many achievements 


by Fairbanks, Morse & Co. in the design and production of Diesel engines... 


There will be more, in the years ahead . . . 


Fairbanks, Morse & Co., Chicago 5, Ill. 


FAIRBANKS-MORSE DIESEL LOCOMOTIVES © DIESEL ENGINES + STOKERS 


SCALES © MOTORS + GENERATORS © PUMPS © PARM EQUIPMENT 
A name worth remembering MAGNETOS * RAILROAD MOTOR CARS and STANDPIPES 
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of 2,500 ihp. The engines were of the 4-stroke 
type, and the number of revolutions at normal 
speed was 140 per minute. Starting in either 
direction is effected by means of compressed air, 
and the camshaft is displaced lengthwise when 
all pushrods with rollers have been lifted from 
the camshaft by means of a crank motion. ‘The 
shaft is provided with one set of camdiscs for ahead 
and one for astern, and it is thus placed in, the 
position corresponding to the direction of rotation 


required. 


Reversing from full speed ahead to full speed 
astern could be carried out in less than 20 seconds. 
When the camshaft had been brought in the cor- 
rect position, reversing was carried out by means 
of a special reversing handle which admitted air 
at a pressure of 300 Ibs. to the cylinders through 
the starting valves, which began to work auto- 
matically when compressed air was admitted. 


When the engine had gained suthcient speed, the 
combined starting and regulating handle was 
moved on. ‘The air was thereby cut off, the start 
ing valves closed automatically, and the engine 
was supplied with fuel. The engine speed de 
pended upon the position of this handle, which 
regulated the supply of fuel oil. Reversing was 
thus accomplished by means of two handles only, 
corresponding to the two levers on a steam engine. 


The “Selandia” and two other motor vessels were 
delivered the same year, and when experience had 
been gained with the engines of these vessels 
under daily working conditions at sea, Burmeister 
& Wain took up the task of utilizing this experi- 
ence to the greatest possible extent. 


1912 WAS A NOTABLE YEAR 


Early in 1912, there was not only the Selandia but 
in addition there was the Jutlandia, of 5000 tons 
displacement and 3000 hp. on twin screws; she 
was the first diesel engined ocean liner built in 
Barclay, Curle & Co. on 


the United Kingdom. 


the Rive: Clyde was the builder, and it is interest. 
ing to obse:we that she was built just 100 years 
after the steam engine was introduced to the 
Clyde. 


And there were other “firsts” in 1912. Sulzer built 
the first diesel locomotive with the diesel engine 
cylinders connected to drive the locomotive driv- 
ing wheel axles directly. Compressed air was used 
to power the working cylinders until sufhcient 
speed had been obtained to permit operation on 
the regular diesel cycle. This development was an 
important step forward but the technical difficul- 
ties were too great to permit continued use in 


commercial operation, 


This same year saw the first marine installation 
with diesel electric drive. A small cargo vessel 
named the Venoge operated on Lake Geneva. 
And the Tynemount was placed in operation, but 
was withdrawn later because of electrical troubles. 


Then there were the auxiliary diesel powered sail- 
ing ships. ‘The San Antonio was the first of this 
kind. The Quevilly of 6500 tons with 700 hp. on 
two propellers was the first diesel powered ship 
to cross the Atlantic. She sailed from Rouen to 
New York and back in March 1911 and used her 
diesel engines a total of 1200 hours during the 
round trip. These vessels were so successful that 
other such ships were projected in 1912, and sev- 
eral were built. Another special example of this 
type of installation was the polar ship Fram which 
had the original steam plant removed and replaced 
by a diesel engine. During the winter of 1911 
and 1912 she made a voyage to the South Pole 
area and upon her return reported that the diesel 
engine performance had been excellent. 


In Germany, the M.A.N. company had under- 
taken the development of large double acting. 
two cycle engines for marine work. On the test 
stand in 1912, they had a three cylinder engine, 
3114 in. diameter by 4134 in. stroke, rated at 6000 
hp. at 160 rpm. The scavenging air valves were 


at the ends of the cylinders with the exhaust ports 
in the middle. The intention was ultimately t 
expand this engine into a six cylinder affair for 
installation in a warship as a 12,000 bhp. engine. 
For mercantile ships, Blohm & Voss were devel- 
oping a three cylinder two cycle, double acting 
engine, 18.9 in. diameter by 28 in. stroke, rated 
at 850 bhp. at 120 rpm.; also a single acting two 
cycle, four cylinder engine 23.6 in. diameter by 
36.2 in. stroke rated at 1350 bhp. at 120 rpm. 


Weser Werft built a Junkers type opposed piston 
engine, 16.5 in. diameter by 15.75 in. stroke, rated 
at 800 bhp. at 120 rpm. for the merchant ships 


they were accustomed to build. 


Krupps Germania shipyard had on their test stand 
in 1912, an experimental single cylinder double 


acting engine of 2,000 bhp. 


Sulzer built a single cylinder two cycle experi- 
mental engine of 2,000 bhp. 


By 1912, Vickers in England were experimenting 
with diesel engines on a large scale. 


CLEVELAND DIESEL 


In 1911, Alexander Winton was in the market for 
the best marine gasoline engine power plant ob- 
tainable, to be used in his motor yacht LE BELLE, 
then under construction. He visited various yachts 
equipped with gasoline engines, but was dis- 
appointed in their performance. So, after investi- 
gation of different types of marine gasoline engines 
then in use, he decided to design and build the 
LA BELLE’s power plant himself, and this deci- 
sion was the foundation upon which has been 
built the Cleveland Diesel Engine Division of 
General When the LA BELLE was 
taunched, her power plant consisted of three six- 


Motors. 


cylinder type Winton marine gasoline engines, 9” 
bore, 1234” stroke, each rated at 150 hp. 
uniformly 


In its satisfactory performance, _ its 


And now please turn to page 62...... 


The Burmeister & Wain "Selan- 
dia” engine—direct reversible, 


1250 ihp. 
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tives operate today on schedules 
calling for more than half a billion 
passenger train car miles a year; 
General Motors freight locomo- 
tives operate todayon assignments 
calling for more than 150 billion 
gross-ton-miles a year. 


We know that today an average 
of five complete Diesel locomo- 
tive units go to the railroads of 
America from the Electro- Motive 
Division plant every working day. 


We knowthat the original Electro- 
Motive plant at LaGrange covered 
205,000 square feet — and that, in 


the past twelve years, it has ex- 
panded in area and capacity to 
more than ten times its original 
size. The facilities now cover more 
than 2,500,000 square feet, a total 
of 57 acres under roof. 


We know a lot of other things too 
— among them that progress in 
railroading never stops. We intend 
to keep pace with it and to be a 
step ahead with developments, 
refinements and improvements 
which should add even more effi- 
clencies and economies to one of 
the most vital and fascinating 
industries in the world. 


SS ELECTRO-MOTIVE 
S DIVISION 


GENERAL MOTORS 


LA GRANGE, ILL. 


Home of the Diesel Locomotive 


MAY 1948 


4 on 
3 

ke 

| 

ig 

| 

| 
| - 
- 
ee 
ory 
ance, its 
3 \ / 

QA Bat: 
iTS 3 
al 
| 
4 
61 


smoothness, quictness, Cleanliness and dependabil- 
ity, this new Winton power plant interested marine 
architects and engineers. Many of them pointed 
out to Mr. Winton the broad field for such an 
engine, and consequently, he began seriously to 
consider designing and building marine gasoline 


engines for the market. 


Early in 1912, the Winton Gas Engine and Manu 
facturing Company was organized and = incorpo 
rated under the laws of the State of Ohio, and 
in July of that year began to develop the first 
Winton marine gasoline engines for the market. 
In the meantime, prior to the formation of the 
new company, Mr. Winton had devoted consider- 
able attention to the possibilities of the Diesel 
type engine. During this time, he also developed 
a stationary gas engine electric generator set which 
was used successfully as an industrial power plant 
for many years until, in fact, the cost of fuel, 
natural gas, became prohibitive. This was a six 
cylinder engine, with 9” bore, 14” stroke, de 
veloping 150 hp. at 350 r.p.n. The high cost of 
fuel, of course, prevented further development of 


this type of power plant. 


Shortly after the formation of the company, that 
is to say, late in 1912 and early in 1913, three 
Winton marine gasoline engines of advanced de 
sign for their time were brought out. There were 
Models Il, W5 and W6. 


These three models, without a single major change 
in design, were built, sold and used successtully 
for more than twenty years after they were de 
signed and built for the first time. All of them 
were six-cylinder engines of the four-cycle type. 
The Model 1! was a development of the LA 
BELLE’s engines, with an increase in the bore 
to 914” and stroke to 14”, and such other refine 
ments as experience in the LA BELLE and addi 
tional research work suggested. This engine de 
veloped 200 hp. at 450 r.p.m. 


Fairbanks-Morse 15 hp Type Y engine and pump, 1913. 


The Models WS and Wo, which were simaties 
engines, came along about the same time, the 
former with a bore of 8” and stroke ot 11”, de 
veloping 125 hp. at 450 rp.m., and the latter with 


ti,” bore and 9” stroke, rated 80 hp. at 500 rpm. 


In the fall of 1913, the first Winton Diesel engine 
was completed. Its successtul use as an industrial 
power plant for many years fully justified Mr. 
Winton’s early decision to strike out along original 
lines in developing Diesel engines tor the Ameri- 
can market instead of following practices then 


prevailing Europe. 


This first Winton Diesel, Known as Model W-16, 
was a 6-cylinder, 4-cycle engine, 914” bore x 14” 
Cylinders, cylinde: 


stroke, developing 175 hp. 
heads, pistons, upper crankcase and bed plate 
were made of cast iron. Phe cylinders and cylin 
der heads were individually cast. Phe upper crank- 
case, Which was securely bolted to the bed plate 
was provided with removable hand-hole plates. 
Phe bed plate carried the crankshatt: seven 


main bearings. 


FAIRBANKS MORSE 
By 1912, it was decided that in order to keep pace 
with the demand, a new type of oil engine was 
needed. Development work was started on a hot 
bulb two cycle engine. ‘The result, of this was 
the Type Y engine, of the horizontal crankcase 
scavenging type. This type was adopted after a 
careful analysis of European developments. ‘The 
first engine produced for commercial use was a 
single cylinder engine of 15 hp., carly in 1913. 
This was soon followed by 10, 20 and 25 hp. sizes 
which were promptly placed in regular produc- 
tion. The compression pressure was about 150 
Ibs. and ignition was by a hot bulb which pro 
jected from the cylinder head where it could be 
heated by a torch before starting. Fuel oil was 
injected by a pump against a splatter plate, so 


that some of it entered the hot bulb and against 


A 1914 Fairbanks-Morse 


the hot surtace. This engine, being of the | 
cycle type, had no gears and was quieter tha. | 
older models. Also it ran at higher speeds 
could use cheaper fuel oils. The fuel consuy 


tion guarantee was one tenth gallon per bra 


horsepowel hour at full load. 


By this time, the Beloit Works organization | 


had a full twenty years’ experience in designi 


and building internal combustion engines, p! 


turther background on steam engines and wi 


power prime movers. ALL of this accumulation 
experience went into these new oil engines 


produce them at the lowest manufacturing cost | 


service in the field. And there was the far flu 


Fairbanks Morse sales organization to mari 


them, and build up a volume ol business. 


Development work continued, and by 1914, 
hot bulb gave way to a spherical combustion cha 
ber mostly water jacketed and separated from t 
cylinder proper by a neck. The fuel oil \ 


injected by the pump into this combustion cha 


ber just before the crank reached its inner de 


center. Starting was by hand as before, the tor 
now being applied to a closed tube open to ¢ 
combustion chamber and into which some f 
could be thrown by working the injection pur 
by hand. Later in 1914, designs were comple 
for a 50 hp. single cylinder vertical Type Y 
engine, also of the two cycle crankcase scavengi 


type with transfer ports in the piston skirt. The 


vertical engines were designed for air starting. | 


the following year, the company was in full po 


duction with a line of vertical engines from 50 


200 hp. and horizontal engines from 10 to 25 b 


Beginning in 1913, the company also undertog 


a parallel development of marine oil engines 
its Shefield Works located at Three Rivers, Mi 
gan. These engines were of the two cycle t 
and worked on the same ignition and combust 
principles as the Type Y engines built at Bel 


horizontal Type Y oil engine. 
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These engines were built in sizes from the 30 hp. 
to cylinder unit upwards to 300 hp. in six cylin- 
ds and were called the Type CO. They covered 
the marine field as the Type Y did the stationary 
ficid, and proved to be successful in service. 


Between the years of 1893 and 1915, this company 
produced a total of 167,865 internal combustion 
engines. This is a ready measure of not only the 
activity of this company in the engine business 
but of the general acceptance of the internal com- 
bustion engine for power purposes. It was a 
matter of convenience in use, availability of fuel, 
and economics whether the engine used gas, gaso- 
line or fuel oil. 


WORTHINGTON 


The company really began when Henry R. Worth- 
ington developed his direct acting steam driven 
boiler feed pump in 1840. He obtained a patent 
in 1844 and began to build them to sell to others 
in 1845. By the end of that century, there were 
many pump builders, and in 1899 several of them 
were combined to become the International Steam 
Pump Company. This company went into receiver- 
ship in 1914, and when in 1916 the company had 
been reorganized it took its present corporate 
name of Worthington Pump and Machinery Cor- 
poration. 


The Worthington organization took an active 


interest in the diesel engine from the beginning. 


In May 1898 the first single cylinder 20 hp. diesel 
was brought from Germany and exhibited at the 
Electrical Exposition in the old Madison Square 


} Garden in New York City. A Worthington engi- 


neer, J. F. Grace, who is still active in the Corpora- 
tion, visited the exposition and saw the engine in 
operation. But on account of the patent situation, 
no active steps could be taken by the company to 
enter the business, although their engineers con- 


tinued to watch the diesel and its progress. 


==. 


Worthington 500 hp horizontal gas engine-compressor unit. 


The Diesel Motor Company of America, who held 
the exclusive license to build Diesel engines in 
the United States had no factory of their own, 
and it was necessary for them to have such engines 


as they were able to sell, built for them. 


Soon after the turn of the century they had ai 
ranged with the Power and Mining Machinery 
Corporation located at Cudahy, Wisconsin (who 
later became a part of the Worthington organiza 
tion), to build engines for them. The Power and 
Mining Machinery Corporation were especialh 
well suited to build these engines as they were 
established builders of gas engines, being licensees 
of Crossley Bros. England. 


The first engine was completed in 1902—a 3-cvlin 
der vertical, four-cycle, air injection box frame 
type. A. Niedemever was the Manager of the 
Cudahy plant and the manufacture of these en 


gines was under his direct supervision. 


In 1907 the Power and Mining Machinery Cor 
poration became a part of the Worthington organi 
zation which was then known as the “International 
\t this time the Cudahy 
plant was still building Diesel engines for the 


Steam Pump Company.” 


" | Left: F-M, 50 hp. vertical Type Y 


engine, 


Diesel Motors Company or the Busch-Sulzer Bros 
Diesel Engine Company as it was later known, 


and continued to do so until TOL. 


Mr. Niedemever was moved to Buffalo and became 
manager of the Buffalo Works then known as 
Snow Holly Works. 
interested in the Diesel Engine from his experi 


He had become very much 


ence at the Power and Mining Works and he 
interested the executives of the Worthington Or 
ganization. As a result they sent him to Germany 
in 1911 to study the Diesel development there. He 
was accompanied by S. A. Daugherty who was in 


charge of gas engine design at Buffalo Works. 


When Mr. Niedemeyer returned from Germany he 
went to the Buffalo Works of the Corporation and 
in March 1912 began the development of the 
Snow Diesel engines. The Snow Holly works was 
the original Snow plant with the activities of the 
Holly Manufacturing Company added in 1902 
The Snow plant had been founded in 1889 by two 
Standard Oil Company men, James H. Snow and 
Daniel O'Ray as the Snow Pump Works. Original 
ly the company had built pumps for the Standard 
Oil Company but had later branched out into 
About 1900, 
the company began the manufacture of horizontal 


crank-and-flywheel pumping engines. 


Below: Four, 50 hp. Type Y cylinders 
comprise this 200 hp. F-M oil en- 
gine, 1915. 
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the 


gas engine driven gas compressors. 
Snow Holly plant was selected for this develop- 
ment as it had the best personnel and machinery 
to undertake this work. In the meantime, the 
basic Diesel patents had expired and many other 
manufacturers were taking steps to enter this field. 


‘The first engine was completed and on test August 
1, 1912, and was the first horizontal tull diesel 
engine built in America. ‘The engine was sold to 
the Saltillo Electric and Power Company at Sal- 
tillo, Mexico, and was shipped from the Butfalo 
Works on February 15, 1913. It was belt connected 


to a 60-cycle A.C. generator. 


‘This first Worthington cngine was a horizontal 
single cylinder, crosshead type, four cycle air injec- 
tion engine. The cylinders were fitted with remov- 
able liners. The cylinder bore was 18 in., the 
stroke 27 in. and it was rated 110 hp. at 180 rpm. 
The design was simple, rugged and all parts easily 
accessible, 


The engine was designed to use the cheapest, 
heaviest grades of oils and operated satisfactorily 
on the heaviest grades of asphalt base oils and 
residues available at that time from Mexico and 
California as well as on the lighter fuels from 
Eastern and Mid-Continent fields. 


An open injection nozzle, the Lietzenmeyer types, 
was used and it became the Worthington standard 
until the horizontal types were abandoned. The 
spray air compressor was two-stage and was driven 
from a separate crank on the crankshaft. 


Coincident with the development of the above 
engine several other sizes of similar four-cycle en- 
gines were laid out ranging in size from 13 in. x 
20 in. to 19 in. x 33 in. These engines were offered 
in single cylinder, twin cylinder, triple cylinder 
and quadruple cylinder arrangements. 

A single cylinder 13 in. bore x 20 in. stroke engine 
rated 55 bhp. at 225 rpm. was sold to the Galiad 
Supply Company, Galiad, Texas, belt connected 
to a 60-cycle A.C. generator. This unit was shipped 
on March 31, 1913, and was installed and went 
into service on May 25, 1913. 


In addition to the line of four-cycle engines a 
line of two-cycle engines was developed in 1913. 
These were heavy duty, crosshead type and similar 
in design to the four-cycle units. The first two- 
cycle unit was sold to the Satillo Electric and 
Power Company, at Saltillo, Mexico, and was 
shipped from the Buffalo Works on April 15, 1913. 


This was the first all American designed two-cycle 
horizontal diesel engine. It was a twin cylinder 
19 in. bore x 33 in. stroke and rated 450 bhp. at 
150 rpm, 


The first direct connected diesel engine driven 
ammonia compressor was built in 1915 by Worth- 
ington for the Alpine Ice Co., of North Kansas 
City, Mo. It was shipped from the Buffalo Works 
on January 12, 1915 and went into service on 
February 17, 1915. This was a horizontal single 
cylinder 4-cycle 1914 in. x 33 in. rated 150 bhp. 
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Worthington horizontal single acting four-cycle air injection diesels for pipe line pumping. 


Also in 1915 there was the first full diesel engine 
to be installed for Oil Pipe Line Service and it 
was built by Worthington. It was sold to the 
Prairie Pipe Line Company on September 1, 1915, 
for installation in its main line pumping station 
at Redel, Kansas. It was shipped from the Buffalo 
Works on October 29, 1915, and went into service 
December 15, 1915. 

This was a horizontal twin cylinder four-cycle 191, 
in. bore x 33 in. stroke, rated 300 bhp. at 165 rpm. 
and it operated on the same crude oil being 
pumped through the line. It was direct connected 
to a 2000 Barrell National Transit Duplex, Double 
Acting Pot Valve Pump. 


Up to this time the only oil engines on pipe line 
service were hot bulb or so-called semi Diesel type. 
The results obtained with the Worthington unit 
were so successful that within one year Worthing- 
ton had sold 55 engines for this service aggregating 
15,000 horsepower. 


Worthington continued to build these horizontal 
air injection Diesel engines until 1928 when they 
were superceded by vertical types. All the later 
engines were four-cycle, the horizontal two-cycle 
type being abandoned in 1923. 


A total of 329 of these horizontal engines were 
sold aggregating 74,000 bhp. of which 299 aggre- 
ating 65,400 bhp. were four-cycle. The majority 
of these engines were sold for pipe line services 
and operated on the same crude oil as was handled 
by the line. 


WAUKESHA 


This company was founded in 1906 and takes its 
name from the town in Wisconsin where it always 
has been located. In the beginning, it built gaso- 
line engines practically hand-made, and sold them 
to boat builders in nearby Wisconsin areas. Then, 


in 1908, the market enlarged to include pioneer 


truck assemblers in the mid-West. ‘Iwo years later, 
the engines were being installed in farm tractors. 
It was in 1912 that contractors and builders began 
to look to the gasoline engine as a substitute for 
steam in portable machinery, and in that year 
Ingersoll-Rand produced its first portable air com- 
pressor and adopted the Waukesha gasoline engine 
lor its motive power. The widespread distribution 
of these compressor sets led to other steam con- 
versions such as portable hoists, excavating equip 
ment, and de-watering pumps. In 1915, Waukesha 
engines were applied to grain combines. 


FULTON 


Organized in 1852 and named for Robert Fulton, 
the famous inventor of the steamboat, Fulton 
Iron Works Company was devoted in its early 
years to the manufacture of steam engines for 
river packets plying the wade channels of the 
Mississippi River and its tributaties. 


As industry moved westward, the company began 
building steam engines for power plants in the 
Middle West and its activities were expanded to 
include stationary steam engines, cotton com 
presses, mining machinery and general foundry 
and machine shop business. The business of the 
company extended as time went on to all parts 
of the country, and to Mexico, Cuba, Central and 
South America and other foreign countries. 


Sugar mills and sugar factory equipment became 
the principal products of the company about 15% 
and this branch of the business expanded until 
Fulton became the largest single producer of 
sugar cane mills in the world. 


It was about 1912 when Fulton, in line with it 
policy of keeping abreast of modern developme ts, 
contracted with Franco Tosi of Legnano, Italy. 
ko And now please turn to page 68 ....: 
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ae: Nordberg, America's foremost builder of 
large Diesels and Busch-Sulzer, America's 


ert Fulton, 
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growth and the development of the Diesel 
engine in this country. With the consolidation 
of these two companies, an extensive and 
varied line of two.and four-cycle engines is 
now available for stationary and marine serv- 
ice, in sizes from 165 to 8500 horsepower. 


NORDBERG MANUFACTURING COMPANY 
Wdwaukee 7, Wisconsin 
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@ In its 62 years, Nordberg has grown from small, 
third floor rented quarters to a modern plant occupy- 
ing a tract of 55 acres. From a manufacturer of cut- 
off governors for steam engines, it has become one 
of the nation’s leading builders of heavy machinery. 
With pattern shop, grey iron and non-ferrous metal 
foundries, forge and machine shops and erecting floors 
it is exceptionally well adapted for building Diesel en- 
gines. Modern machine tools and facilities, engineer- 
ing talent and skilled workmen and Diesel ‘*know-how”’ 
all combine in designing and constructing Diesels that 
meet the highest standards of present day practice. 
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@ The Diesel engine industry in America was estab- 
lished in 1898 when the late Adolphus Busch obtained 
from Dr. Rudolph Diesel the exclusive righis for build- 
ing his then newly developed engine in this country. 
Shortly thereafter, the American Diesel Engine Co. 
was formed and became America's first successful 
builder of Diesel engines. In 1911 arrangements were 
made with Sulzer Brothers of Winterthur, Switzerland, 
then a foremost European manufacturer of Diesels, 
for a license in this country. In that year the company 
name was changed to the Busch-Sulzer Bros.-Diesel 
Engine Company and a new, modern plant was erect- 
ed in St. Louis. Acquired in 1946, this company is 
now a division of Nordberg. 
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\ When Nordberg began construction of 
) its first Diesel engine in 1915, the com- 
pany had already won prominence as 
one of the nation's foremost builders of 
hey machinery. Large steam engines, mine hoists, 
compressors and pumps built by Nordberg had 
gained outstanding recognition for sound engineer- 
ing and quality construction. With a background of 
almost thirty years experience in building heavy 
machinery at the time when Nordberg started con- 
struction of its firsf Diesel, it was not at all unusual 
that this engine of 1250 horsepower was the largest 
to have been attempted in America. Before the first 
engine was in service, the purchaser placed orders 
for twelve duplicate units. The successful perform- 
ance of this first engine and subsequent installations, 
definitely established Nordberg as the country's 
leading builder of large Diesels, a position which 
is maintained today. 


first Diesels built by ‘Nordberg word 
installed-in the Power plant of the Phelp 
Dodge at yrone, New 


Large Diesels 


\ Another record for building large Diesels 
was set by Nordberg in 1925 when an 


order was placed for three, six cylinder 

engines of 3750 horsepower for stand- 
by service at the Miraflores power plant at the Pan- 
ama Canal Zone. These engines totalling 11,250 
horsepower and the largest Diesel engine installa- 
tion then in the Western Hemisphere are still in serv- 
ice. Later these engines were surpassed in size by 
units of 6000 and 7100 horsepower and at present, 
by six engines of 8650 horsepower each for in- 
stallation in Mexico. In addition to having built 
individual engines of record size, Nordberg Diesels 
generate power for the world's largest Diesel en- 
gined power plant, an installation of 64,800 horse- 


power. This installation is also unusual in that 
these Diesels burn natural gas but are so de- 
signed that they are convertible to burn oil fuel. 


44 inch stroke — 3750 horsepower. 


ae 


In addition to these three 3750 horsepower 


Nordberg Diesels installed at Panama Canal 
in 1925, there was also a 3675 eer 
‘alt installed in 1 
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ST NORDBERG DIESEL — 20% inch Le 
bore —26 inch stroke—1250 horsepower. 


Seee 


2sels This wide and varied line of Nordberg 
nan } Diesel engines was developed to pro- 
nder vide sturdily built, dependable, low op- Four-cycle, 9 inch 
and- erating cost engines that meet today's 
Pan- demands in power equipment. There are two and charged and super- 
four-cycle types, stationary and marine models, 
alla- Diesels that burn oil, natural gas or both fuels in 
serv- any proportion and a range of sizes up to 8500 
e by horsepower. From the various models it is possible 
sent, to select the right engine for every power need and 
r in- . what is more, satisfactory performance is assured. 
built The many successful installations of Nordberg Diesels 
esels H that have established unusual records for service is 
| en- proof to this claim. 
orse- 
that 
de- non - supercharged 
fuel and supercharged, 


size range——7725 to 
1750 


Four-cycle, 13 inch bore, 16 inch stroke, 
non-supercharged and supercharged, size 
range —— 495 to 1360 H.P. 


rsepower. 


Two-cycle, 21% inch bore, 29 inch stroke. 
Size range 2000 te 3600 horsepower. 


Twe-cycle, 17% Inch bore, 25 inch stroke. Size range 
1250 to 2160 H.P. This shows a gas-burning Diesel. 
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UNITED STATES GOVERNMENT 
Borinquen Field, Puerto Rico 


Power for this important island air base is 
generated by these three Nordberg Diesels, 
one of 2000 horsepower and two of 2400 
horsepower. Year after year these engines 
have given the same dependable and eco- 
nomical performance so characteristic of 
Nordberg Diesels. 


CITY OF BLUFFTON, INDIANA 


These two, seven cylinder, 1530 horse- 
power, supercharged, four-cycle Nord- 
berg engines are typical of the many 
_ Nordberg Diesels installed in modern 
municipal power plants. The low cost at 
which they generate power make these 
engines ideal for this service. 


REYNOLDS METALS COMPANY 
Jones Mills, Arkansas 
Here are shown nine of eighteen, 3600 
horsepower gas burning Nordberg Diesels 
which generate power for metallurgical 
operations. This 64,800 installation is the 
world's largest Diesel engined power plant. 


LAUTERO NITRATE CO., LTD. 
Pedro de Valdiva, Chile 
This ten cylinder, 29 inch bore, 40 
inch stroke Nordberg Diesel engine 
generates power for mining and 
processing nitrate. Normally rated 
at 7100 horsepower at sea level, 


the rating at the installed elevation 
of 5000 feet is 6400 horsepower. 


The hundreds of repeat orders from users of 
Nordberg Diesels is evidence of the satisfactory 
performance of these engines in stationary service. 
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From fishing craft to large cargo vessels, the extensive line of Nordberg two 
and four-cycle engines for direct and gear drive permits the selection of the 
type of Diesel best adapted to its service. 


@ Six, 3600 horsepower, four- 
cycle, supercharged Nordberg 
Diesels driving through elec- 
tric couplings and gear re- 
duction sets to twin screws 
are installed in six of these 
cargo vessels. 


@ This six cylinder, 1400 horse- 
power Nordberg Diesel ar- 
ranged for gear reduction 
drive propels this 30,000 
barrel tanker. 


@ Two of these nine cylinder, 
3000 horsepower Nordberg 
Diesels propel this 13,900 
ton cargo vessel. The en- 
gines drive a single propeller 
shaft through electric coup- 
lings and a gear reduction 
set. 


@ This nine cylinder engine of 
6000 shaft horsepower is di- 
rectly connected to the pro- 
peller shaft of this cargo 
vessel. 
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DIESELS 


CENTRAL | 
STATION 


UNIVERSAL ATLAS 
CEMENT COMPANY 


Three engines — 
6000 horsepower. 


F. W. STOCK AND SONS 
One engine — 1250 horsepower. 


FLOUR MILLING 
MOTORSHIP MORMACDALE INTERNATIONAL MINERALS AND CHEMICALS CORP 
Two engines — 4000 shaft horsepower. Three engines — 3750 horsepower. 


ELECTRIFICATION Tr, i’ * 


‘ Three engines —- 


4 IRRIGATION. 
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GOVERNMENT 
PROJECTS 


LINE. 
PUMPING 


STANDARD OIL CO. OF INDIANA 


WARFIELD CO. LANGLEY FIELD 
Nineteen engines — 11,650 horsepower. 


One engine — 1000 horsepower. Four engines — 14,400 horsepower. 


MINING 


EAGLE PICHER 
MINING AND 
SMELTING CO. 
Four engines -— 
11,750 horsepov er. 


NORDBERG MFG. CO., MILWAUKEE 7, WISCONSIN 
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GATION. 
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engines —~- 
horsepower. 


When Diesel engines were of the individual-cylinder 
pe, Ingersoll-Rand brought out a fully enclosed en- 

fine with a@ girder-type housing which incorporated 

ts eee horizontal stiffness of the water-box type without 

: Seeeene dangers of water stagnation. This is today’s stand- 
for Diesel engine construction. 
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DIL AND GAS ENGINES 


..- Ingersoll-Rand Type ‘‘S” and Type SS” supercharged 
Diesels represent one of the first applications of higher 
speed, medium weight Diesels to heavy power servite, 
The research and development that has gone into tué 
manufacture of I-R Diesel engines during the past 
thirty years is responsible for the extreme compact- 
ness, the easy accessability and the unusually low fuel 
consumption of today’s I-R Diesels. Sizes rangé from 
225 to 600 hp for the 3 to 8 cylinder Type “S’ jana 
675 to 900 hp for the 6, 7and 8.cylinder Type “Sa 
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First Fulton Diesel, 

a 3-cy''nder, 150 

hp, 4-2; unit, in- 

stalled at Alamo- 

gordo, New Mexico 
in 1914, 


First large bore 
Fulton 


Diesels — 

installed at Tucson, 

Arizona in 1941 and 
still in service. 


ing Co., Dallas, 
Texas, still running 
after 29 years serv- 


build diesel engines under the Tosi Patent Rights 
in the United States. 


The first diesel engine manufactured by Fulton 
was a 4 cycle, 3 cylinder, 150 hp., 200 rpm., 131, 
in. bore, 1914 in. stroke, air injection unit of 
European A-frame design. It was installed in the 
municipal electric plant at the City of Alamagordo, 
New Mexico in 1914, where it operated until re- 
cently, generating light and power for that city. 
Two of the earliest large bore engines built by 
Fulton were 3-cylinder, 4 cycle, 22 in. bore, 2914 
in. stroke, air injection units, each developing 500 
bhp. at 150 rpm. These engines were of the 7 
individual A-frame type construction, were lubri- 
cated by gravity feed oiling systems, governed by 
the old flyweight type governor in connection with 
variable stroke fuel pumps and were started by air 
under 100 psi. They had a fuel consumption at 
full load of .44 lbs. per bhp. hour and the pistons 
were cooled by water introduced through trom. 
bone tubes. These engines weighed 450 Ibs. per — 
bhp. They were installed in 1914 in the power 
plant of the Tucson Gas, Electric Light & Power — 
Co. at Tucson, Arizona, and at this date are still 7 
in service there. 


This European A-frame type of construction, with 
periodic modifications and improvements, was con- 
tinued and sold for many varied types of service, 
such as municipal plants, flour mills, pipe line | 
stations, cement mills, ice plants, iron mines, etc, 
until 1925. They were built in 3, 4, 5 and 6-cylin- 3e—"_-— 
der models with 23, 22, 20, 18, 1614 and 1314 ~, 


in bores. - 


OTTO 


Now a part of the Superior Engine Division of ~ 


the National Supply Co., the Otto Engine Works © T 
started its career at an early date, under another) 

name. It will be remembered that it was Otto and’ b 
Langen at Cologne, Germany, who built the first 

really commercially successful four cycle gas engine. Tl 
The “Otto Silent Engine” was invented by Dr. d 
Nicolas A. Otto in 1876, and it would appear from | 
the name that the engine builders and users were, th 
alike conscious of engine noise and the need of d 
reducing it even in those early days. The building : 
and sale of those engines began in Europe at once 

Also, the firm sent an engine to the Centennial W 
Exposition at Philadelphia in 1876 and it was er 
quickly acclaimed as an outstanding development. al 
The Otto gas engine was patented in the United bi 
States in 1877, and the firm of Schleicher, Schumm 

& Company of Philadelphia was licensed to manu: Di 
facture these engines in this country. This firm re 
later became known as “The Otto Engine Works.” 

Over the years, this firm became known as 3 

builder of natural gas an? producer gas engines 

The firm of Otto and Langen was succeeded by 
Motorenfabrik Deutz, still at Cologne, and Deut! Tk 
was one of the first firms in Germany to take up” Pie 


the manufacture of diesel engines. As the licenset 

in this country of Deutz, the Otto Engine Work 

began building diesel engines in 1910. The firs’ 
engine was a single cylinder horizontal of 50 hp 
It was of the four cycle, air injection type, an” 
known as the model DH. 

eee And now please turn to page 72.... 
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The first Superior Engine—a gas engine— was 


built in 1888... 


That was 60 years ago... many millions of 
dependable work-horsepower ago! For. even 
the first Superior Engines were outstanding for 


dependable performance. 


When Superior started to manufacture Diesel 
engines, they improved on the original patents 
along progressive American lines. Superior has 
been pioneering Diesel progress ever since. 
Dual-Fuel Push-Button Control is one of the most 
recent outstanding pioneering achievements. 


SUPERIOR ENGINE DIVISION OF 
THE NATIONAL SUPPLY COMPANY 
Plant and General Sales Office: Springfield, Ohio 


Others through the years are too numerous to 
mention. But they give to Superior Diesels these 
outstanding advantages: conservative ratings; 
efficient pressure lubrication; clean combustion; 
precision bearings; heavy rigid crankshafts; 
strong bases and cylinder blocks; proved roller 
chain camshaft drives; oil-cooled pistons. 


Practical pioneering has always been a policy in 
the development and manufacture of Superior 
Engines—both gas and diesel. We never stop 
trying to make them better. And that's why, in 
the years to come, Superior will stay out front. 
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The Model DH was succeeded in due course by 
the Models KV and GV. ‘The KV was built in 
five cylinder sizes ranging from 28 to 65 hp. per 
cylinder. The GV was built in three cylinder sizes 
from 90 to 140 hp. per cylinder single, and the 
two smaller cylinders were built as twins to give 
180 and 220 hp. All of these engines were of the 
horizontal four cycle type and pump injection of 
fuel was used. Fuel consumption varied from 0.51 
Ibs. in the smaller sizes to 0.43 Ibs. per hp. hour 
in the larger sizes. They were typical horizontals 
of their time. The camshaft ran alongside of the 
engine frame. The governor, with the fuel injec- 
tion pump adjacent, was located above the shaft 
near the cylinder head. The inlet valve above 
and the exhaust valve below, in the cylinder head, 
were actuated by push rods or levers from the 
cams on the camshaft. The air starting valve was 
on the side of the cylinder head. By special ar- 
rangement, it served to charge the air starting 
tanks as well as supply the cylinder with air for 
starting. When charging, the engine was speeded 
up, fuel was shut off, and compression air bled 
back into the tanks. Before the engine came to a 
stop, fuel was admitted again to speed the engine 
up, and the process repeated as many times as 
necessary. No air was bled back while the fuel 
was being injected. The whole purpose of the 
details of the engine design and installation, was 
“to keep everything as simple as possible and retain 
reliability. 


In 1923, this company was purchased by the Supe- 
rior Gas Engine Company and became known as 
the Otto Works of that company. 


NELSECO FOUR CYCLE ENGINE 


By 1913, the Electric Boat Co. had decided that 
they could do better with four cycle engines than 
with the two cycle, stepped piston engines they 
had been building, although the comstruction of 
two cycle engines was continued for a while. In 
fact, some noteworthy engines were built. There 
was a six cylinder, to cycle, stepped piston, directly 
reversible engine-in the single screw submarine- 
tender Fulton, the first one of that name. There 
were two crosshead type engines for the sub- 
marine M-1. 


But attention began to be concentrated on the 
four cycle type. The first one built had cylinders 
9 in. by 121% in. and was rated at 30 bhp. at 350 
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First Otto oil engine—50 hp., belt connected to a 35 
kw. generator on the General George Washington Es- 
tate, Mount Vernon, Virginia. 


Right: Transverse section of the Nelseco Diesel Engine. 


Below: Operating side of Nelseco marine diesel with 
reverse gear. 


rpm. The construction is well shown im the illus- 
trations. The arrangement of the combustion 
chamber with the air intake and exhaust valves 
was taken from a usual arrangement on horizontal 
gas and oil engines. The valve gear arrangement 
was taken from that used on the English built 
Lanchester automobile engine which was famed 
at the time for its quietness. The two cycle engines 
which the company had built previously were 
noisy and the natural effort was to make them 
quieter. The whole design of the engine was 
simple, perhaps to the point of being crude. But 
the results were quite satisfactory; the engines 
were reasonably quiet in operation, reliable and 
gave excellent service performances. G. C. Davison 
was responsible for the overall design of these 
engines. 


The first four-cylinder engine of this type was 


installed in 1914 in the cannery tender Warrior® 
owned by the Pacific American Fisheries Co., of” 
Bellingham, operation 
quickly brought six cylinder engines of this size) 
and the development of a larger cylinder, 13 in 
by 18 in., rated 60 bhp. at 240 rpm. The first 
four-cylinder engine of this size rated 240 bhp 
was installed in the Pacific Coast tug Chickamauga 
in 1915. the first diesel tugboat installation. With | 
engines of four and six cylinders of these two cylit- 
der sizes available, the company soon sold diesels 
for work boats, fishing vessels, passenger boats and § 


Washington. Successful 


cargo vessels of all sorts. 


The company also undertook the development o! 
several cylinder sizes of similar design engines and | 
built them in six and eight cylinder units for) 
submarine use. They were made reversible 0] 
non-reversible as the occasion required. 
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DIESEL’S LAST YEARS 


During the early years of commercial development 
of the diesel engine, Diesel himself led a busy 
life. There was the training of men in various 
companies who had to become familiar with the 
new engine, the consultations with licensee firms, 
the design and development work that Diesel car- 
ried on in his own home, and the business details. 
He had become a wealthy man from the sums he 
had received for the sale of foreign licenses. There 
were many demands on his wealth and unfortu- 
nately he indulged in some real estate specula- 
tions. He had worked intensely all of his life and 
it is not surprising that his health broke more 
than once nor that he had melancholy spells. 


Diesel visited the United States in 1904 and in 
1912. Even in 1912, he was bitterly attacked in 


= Germany on the basis that he was not responsible 
© for the success of the diesel engine. By 1913, it is 
known that he had lost much of his money. In 
September, 1913, on a cross channel trip to Eng- 
land with business associates, he disappeared from 
the vessel; a tragic end indeed. 


DR. PAUL RIEPPEL REMINISCES 


Dr. Rieppel has already been mentioned in this 


narrative. He lived and worked with the diesel 
engine in those early days of development. His 
reminiscences give some interesting sidelights on 
events and help us to get a better understanding 
of what happned. He knew the men who worked 
with Dr. Diesel on the experimental engines and 
obtained the story first hand from them. He tells 
his story in his own words: 


)“I learned how Diesel’s theory was soon aban- 
| doned, and how the ideas of his predecessors were 
‘continued, how Diesel was forced down from his 
| ideals into practical possibilities, which others had 
approached by different ways. Still the impression 
grew in me that the final success was due to 
Diesel’s strong creative will, which offset his lack 
of knowledge and his inexperience in design. 


“In 1907 I visited the United States of America 
for the first time, and worked in the shops of 
Allis Chalmers and in the drafting room of the 
Southwark Foundry Company where I projected 
a large double acting oil engine, following the 
arrangement of large gas-eugines. With these 
sketches I went to the New York office of the 
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would allow me to continue my work. I traveled 
to St. Louis to meet Mr. Busch, the owner of the 
Anheuser Busch Company. He received me in his 
palatial home, a man of impressive stature, well 
meaning, lively and friendly, and pleased with my 
admiration for his success. He told me about his 
youth in the Rhineland, his smuggling during the 
Civil War, talking partly in his old German 


elopment of 
engines 
units fot 
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dialect, partly in English to his interviewer. 


“Busch had paid a round million marks to Diesel 
for his patents, and was convinced of the future 
of Diesel’s engine, although success so far had fallen 
far behind hopes. When doubters advised him to 
drop the whole thing as hopeless, he would not 
listen. He said, as far as | remember, at that time, 
Diesel is less an inventor than a very clever man. 
This gave me a key to the understanding of 
Diesel’s accomplishments and to the smallness of 
some of his adversaries, who saw in him only a 
lucky inventor, instead of a mentally superior 
human being of great quality. Mr. Busch pro- 
posed that 1 work directly with Diesel in the 
design of the engines to be built in an intended 
factory in St. Louis. He was about to leave for 
his country place in South Germany and wanted 
to see Diesel and me there. A few weeks later I 
arrived at Mr. Busch’s German estate and there 
confronted for the first time in person the famous 
inventor Diesel. It was a very impressive moment 
for me when Diesel shook my hand in his friendly 
but slightly reserved manner. This slim man with 
his fine head and beautiful hands and his dignity 
and modesty gave no indication of his world-wide 
fame. Lively in his movements and concentrated 
in his talk, he exerted a suggestive force hard to 
resist. His balance of mind and body and _ his 
easy manner gave the impression of great strength. 


“IT was happy when Mr. Busch proposed an agree- 
ment by which I would work for about a year with 
Diesel in Munich in the pay of the American 
Diesel Engine Company, and later introduce the 
resulting designs into the new factory in St. Louis. 
This seemed to settle my career for a long time. 


“I started with this work in Munich in the sum- 
mer of 1908. Diesel owned one of the most beau- 
tiful houses in Munich. on the second floor of 
which he had installed a drafting room. Diesel’s 
private office was on the ground floor next to the 
entrance. In the drafting room I met a young 
designer, Mr. Poebing, and an older one, Mr. 
Lack. My work which was independent of the 
two others, turned out different from my expecta- 
tions. Diesel came upstairs every day, when in 
town, and gave us his ideas and plans, discussed 
our work and often also general subjects. He 
did not share my opinion that simple sturdy en- 
gines were wanted for America. -He proposed 
compound engines and small engines for automo- 
biles, even airplanes. The compound engine was 
to produce indicator cards similar to those of steam 
engines, and the small engines were to run at 
speeds for which no practical basis existed at the 
time. Above everything else he proposed. what 
he called “The True Diesel Engine” with exceed- 
ingly high pressures. He could not see the neces- 
sity for overall success with all its factors, reli- 
ability, upkeep, life, he saw only the one factor, 
namely thermal efficiency. This led to much argu- 
ment and disappointment on my part 


“These Munich impressions rounded out a picture 
in my mind, as follows: At first Diesel had stood 
alone, at the time when he wanted to realize the 
Carnot Process. No one else had the audacity to 
try this, some knew that it was impossible. When 


Diesel started his work, the time was ripe for a 
high compression engine, but the men working in 
this direction were practical men and satisfied with 
more modest aims. Diesel stood alone in the 
audacity of his idea and defended it so forcibly 
that he convinced many powerful persons, in spite 


of the objection of engineers. 


“His predecessors put in their claims later when 
he was forced by his failures to approach beaten 
paths. This led to a combustion cycle, which 
differed from existing cycles only through higher 
pressures, implying higher efficiencies and _self- 
ignition. Diesel had come a long way from the 
land of impossibilities and arrived at a point not 
far from where others already were. This means 
that he did not build upon his predecessors. It 
would have been much easier to do so. To talk 
about priorities in his case means to misunder- 
stand the character of this development, which lies 
in the human element. In spite of the limitations 
in his deductions Diesel succeeded through his un- 
usual smartness, his superior character and his 


tenacity. 


“In the meantime I had news from the United 
States that the building of the new factory was 
delayed and that things were not ready for me. 
I therefore looked around for other activity. 


“At that time large marine diesel engines were a 
problem that was much in the minds of ship 
owners and shipbuilders. The MAN was active 
in this direction and made an agreement for co- 
operation with the shipbuilders Blohm and Voss 
in Hamburg. I was engaged by the latter as Chief 
Diesel Designer and started the construction of a 
900 hp. double acting two cycle engine, while the 
MAN in (Nuremberg) built for the German Navy 
one half of a 12000 hp. engine of similar design. 
Both were double acting, with scavenging valves 
in both cylinder heads. A tragic occurrence almost 
caused us to despair shortly after the experiments 
had begun. On the big Nuremberg engine a scav- 
enging valve stuck and the resulting flame ignited 
the oil drenched wooden scaffold around the en- 
ine and then the fuel tanks. Eleven men either 
immediately burned to death or died from the 
consequences. It was hard to find the courage to 
continue, but we did. Henry Schreck was Shop 
Superintendent in Hamburg and did a wonderful 
job in building the engine, and had it ready on 
time. Old Mr. Blohm saw it and asked what the 
development would cost and how long it would 
take. I answered it will cost more and it will take 
longer, and that is true, I believe, of any develop- 
ment. The general interest in our engine was 
great and we had many visitors, including repre- 
sentatives of the U. S. Navy under the present 
Admiral Nimitz. 


“Rudolf Diesel visited us on his return from a 
triumphant trip to the U. S. in 1912. He was only 
politely interested in our engine, avoided all criti- 
cal comments and impressed me by his quietness 
and melancholy state of mind. He was filled by 
sad foreboding. 


“Finally in the summer of 1913 everything was 
ready for an endurance run of 144 hours, which 
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was made under the supervision of Otto Nonnen- 
bruch and Henry Schreck, both in the United 
States since shortly after that time.” 


NORDBERG 


The Nordberg Manufacturing Company had _ its 
beginning in the Bruno V. Nordberg Company, 
which was organized in 1886 to manufacture a 
cut-off governor for steam engines. Small quarters 
on the third floor of a building on South First 
Street, Milwaukee, Wisconsin, were ample for the 
first six employees. 


The inherent advantages of this governor and its 
ready acceptance by users of steam engines resulted 
in a rapid growth in business. Within a few 
years the original quarters were outgrown, and in 
1890 the young company moved to a group of 
buildings on Virginia Street, which were formerly 
occupied by the Pabst Brewing Company. On 
January 1, 1890 the company name was changed 
to Nordberg Manufacturing Company. 


The increased facilities of the enlarged quarters 
permitted the late Dr. Nordberg to follow his natu- 
ral inclinations, and he began the design of an 
extensive line of heavy machinery. The first to be 
developed was a steam engine of the poppet valve 
type. This was soon followed by a line of Corliss 
engines and such steam driven machinery as pump- 
ing engines, blowing engines, and compressors. 
With the expansion of mining among the copper 
and iron mines in upper Michigan, and in the 
Butte, Motana district, there came an_ insistent 
demand for more and more Nordberg machinery. 
Additions to the above line of products were 
steam driven mine hoists, steam stamps,.and con- 
densers. Due to rapidly expanding business, it 
again became apparent that larger quarters would 
be required. From six employees, the number had 
grown to almost 300 in 1900. In that year steps 
were taken to build a plant on the present site in 
Milwaukee. The following year, the first section 
of the machine shop, erecting floor, pattern shop, 
and power house were completed. The foundry 
was built in 1909. Although now more than forty 
years old, these buildings have always had proper 
maintenance, and are in active use today. Addi- 
tional buildings have been added from time to 
time to care for business expansion. The latest 
buildings erected were for the torpedo tube pro- 
gram for the Navy, the Crusher erecting floor, and 
the turret lathe shop. From rented third floor 
space, the company has grown to be a modern 
plant with almost 700,000 square feet of manu- 
facturing floor space and occupying a tract of 
fifty-five acres. 


Looking back through more than fifty years of 
company progress, many notable engineering 
achievements can be mentioned. There are the 
hoists built for the Tamarack Mining Company 
in 1897, which had drums of 25 feet in diameter. 
and which were the world’s largest steami hoists at 
that time. These were later surpassed by a larger 
steam hoist built for the Quincy Mining Company, 
which has a 30 foot diameter drum and winds 
13,000 feet of 154 inch rope. Then there are the 
large electrically driven hoists built for Home- 
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stake Mining Company, which have two drums 
25 feet in diameter, capable of lifting a load of 
14,000 pounds of ore from a depth of a mile. 


Some of the uniflow steam engines built by Nord- 
berg were equally outstanding. The four cylinder 
rolling mill engines which developed a maximum 
of 25,000 hp. have never been exceeded in capacity 
for this type of engine. The duplex uniflow en- 
gines, also for rolling mill service, with cylinders 
of 60 inch bore and 66 inch stroke, hold the record 
for uniflow engine cylinder size. 


Among the unusual compressors built for the 
chemical industry were a number of five-stage, 
steam driven machines of 16,500 cubic feet per 
minute capacity at a pressure of 3,000 pounds per 
square inch, by far the world’s largest high pres- 
sure gas compressors. With these compressors were 
also furnished the largest, high pressure recipro- 
cating pumps built in America. As une company 
grew, the line of products was expanded, and new 
fields were entered. These new developments in- 
cluded diesel engines in 1912, a line of machinery 
for the mainte.ance of railway track in 1925, 
crushers in 1928, vibrating screens, and special 


machinery of various types. 


The Symons Cone Crusher, used for fine crushing 
of stone, gravel, and all ores, is used throughout 
the world where finely crushed materials are re- 
quired. This crusher has played a vital role in 
the production of strategic wartime metals since 
it is used by practically every major metal mining 


compa ny. 


The line of track maintenance tools was developed 
to do the work that the railroads formerly did 
by hand. This included Trackshifters, Adzing 
machines for adzing ties, Spike Pullers, Power 
Track Jacks, Wrenches for tightening bolts to a 
predetermined stress, various drilling and grinding 
machines, and other railway devices for doing 
more accurate work in less time. 


With steam engines and steam driven equipment 
being the first products of the company, it was 
only natural that the possibilities of the Diesel 
engine were recognized in the early stages of 
development of this revolutionary type of prime 
mover. The entrance in the internal combustion 
engine field began in 1912 with the building and 
testing of a small horizontal hot ball type engine. 
This led to the development of a solid injection 
engine with pre-combustion chamber. This engine 
was built in two cylinder sizes, 1114 in. x 15 in. 
and 1414 in. x 18 in. rated at 50 and 100 hp. per 
cylinder respectively in one and two cylinder 
models and capacities of 50, 100 and 200 hp. Fifty- 
eight of these engines were sold. This horizontal 
engine is shown in the illustration. 


As has already been mentioned here, it was in 
1913 that the Phelps Dodge Corporation, which 
had previously purchased much Nordberg machin- 
ery, purchased from Carels Freres of Ghent, Bel- 
gium, two 1150 horsepower diesel engines for 
installation at its copper mining properties in 
New Mexico. Since Carels Freres was one of the 
foremost builders of diesel engines in Europe at 


that time, negotiations were entered into for 4 

license arrangement for building Carels engines) 
in this country. This license agreement was com.| 
pleted in June 1914. In that year, the late Bruno 
V. E. Nordberg, who had previously worked on 
the horizontal oil engines, was sent to Europe to 
study the design and manufacture of the Carel 
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Above: A four-cylinder Nordberg Type A Diesel with scavenging pump on right hand end. Below: 
Machinery arrangement on the Navy Tanker, “Maumee”, with twin screws and two 6-cylinder 
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hand, for at the time these were the largest engines | 
of their type yet undertaken. Each of the twin | 
screw engines had six working cylinders 25.20 of 
by 39.37 in. and developed 2500 bhp. at 130 rpm, ~ 
They were open frame engines with three scav- 
enging pumps and three injection air compressors 
driven by rocker beams from the crossheads. The ~ 
engines were directly reversible and direct con- 
nected to the propellers. 4 


The MAN design was followed exactly with the 
dimensions changed from millimeters to inches in 
decimals. The engines were built in 1915 and the 
ship was commissioned October 1916. She did” 
yeoman service during the war, covering 80,000 
miles, but the hull was too light to maintain crank- 
shaft alignment and the ship was decommissioned 
right after the war. 


j 


GERMAN SUBMARINE ENGINE 
DEVELOPMENT 


By 1914, submarine engine development had prog. — 
ressed in Germany to the point that the Admiralty — 
held competitive trials among the several builders. 
The best engine proved to be a four cycle type 
built by the Augsburg shops of the MAN company. 
This was prophetic. When in World War I, Ger” 
many decided to use submarines on an extensive 
basis, those submarines had Augsburg type en ; 
gines. The German Admiralty forced all of the 
engine manufacturers who were building sub! 
marine engines to concentrate on that type. And 
from the technical standpoint, it is most important, 
of all to realize that those submarines and the 
kind of submarine warfare they waged, would not 
have been possible except for the diesel engine” 


Transverse section through the “Maumee” engine. 
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which had already been developed prior to the 
outbreak of the war in August 1914. 


AN ERA OF DEVELOPMENT AND 
TRAINING 


Even the brief review of the European develop- 
ments that has been related in this history shows 
that the period from the first commercial diesel 
engine in 1898 up to the outbreak of the War in 
1914 was of tremendous importance. Some firms 
concentrated on conservative types and applica- 
tions of stationary and marine engines, and others 
struck out boldly to try very large and very small 
engines for new uses. The wide variety of engine 
designs tried is noteworthy. Altogether it was sure 
evidence that the advantages of the diesel engine 
were widely recognized, and men were trying to 
find the limitations of its use and adaptability, if 
there were any. The events of that period did not 
indicate there were any limits; rather, the reverse 
was true. In any case, a host of companies and 
their personnel were gaining experience in build- 
ing and in using the diesel engine. It was an era 
of development and training. 


WAR DIESELS FOR SUBMARINES 


The Electric Boat Co. built submarines as their 
normal business and thus were soon called upon 
to supply diesels to the European countries. The 
available types were supplied at first. But in No- 
vember 1914, the company was asked to build 20 
submarines for Great Britain as quickly as pos- 
sible. For the engine power, eight-cylinder 240 
bhp. engines were chosen. These were the regular 
commercial engines extended to eight cylinders. 
The ten submarines built at Quincy, Mass., were 
interned until the U. S. entered the War. The 
ten boats built at Montreal, Canada, were com- 


Cross section of Nelseco, 9” x 12'/2” engine. 
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pleted in May and June 1915. They crossed the 
Atlantic under their own power and went into 
service immediately in the North Sea and in the 
Dardanelles campaign. The diesel engines made 
an excellent record for reliability and general over- 
all performance. Many more such engines (to be 
exact, 136 in addition to the original 40) were 
built for similar submarines for various countries 
before the war construction period was over. This 
was mass production in World War I. 


Several submarine types of engines were developed 
for the U. S. boats. They followed in general the 
four cycle commercial engine designs but were of 
shorter stroke and higher speed of revolution. 
Cast iron bedplates and frames were used if the 
weight allowance permitted and vanadium bronze 
was used where light weight was needed. When 
the engines were made directly reversible, three 
camshafts were employed—one for the exhaust 
valves on the back of the engine, and one for the 
spray valves above the shaft for the intake vaives 
on the front of the engine. In order to get the 
right timing for the valves for the reverse direction 
of rotation of the engine, a pneumatically oper- 
ated cylinder moved some sleeves longitudinally 
and by means of spirally cut splines gave the re- 
spective shafts their correct new positions relative 
to the crankshaft. 


Most submarines built at that time had a surface 
speed of 12 to 14 knots. In 1914 and 1915, the 
Electric Boat Co. took contracts to build three 
fleet submarines which 
While they were not finished until after the war 
was over, the engine development took place 


were to make 20 knots. 


during the war and was notable at the time. There 
were four engines per boat, two on cach shaft 
tandem fashion with clutches between so that one 


Section through cylinder of Nelseco, 13/2” x 14” Diesel 
rated 440 bhp at 400 rpm in six cylinders. 


or both engines could be used. The engines fol- 
lowed the regular Electric Boat submarine design 
of that time and were rated 1,000 bhp. each at 
375 rpm. The cylinders were 18 in. diameter by 
19 in. stroke. During the war period, the Lyons 
Atlas Company worked as a sub-contractor for the 
Electric Boat Company and built many diesel 
engines used in the war effort. 


A special design of two cycle engine was developed 
and built at the Navy's request in 1915 It was an 
attempt to overcome the operatirg difficulties with 
the stepped piston engines used in the earlier 
submarines. It was of the crosshead type with six 
cylinders 10.5 in. by 16 in., with two double-acting 
scavenging pumps and an injection air compressor 
all in line, nine cranks in all. The engine re- 
tained the valve in the head scavenging and the 
camshaft on top of the cylinders as in the earlier 
engine design. These engines were rated at 420 
bhp. at 350 rpm. They were very heavy for their 
power and only two of them were built for the 
U. S. Navy and installed into the submarine M-1. 
However, several of these engines were built dur- 
ing the War and shipped to the Russians for 
installation in vessels they were building. 


In order to secure an independent source of sub- 
marine propelling engines, the Navy purchased 
a pair of Sulzer engines and had them installed 
in the submarine G-3. They were built in 1914- 
1915. They were direct reversing two cycle engines 
of 600 bhp. at 400 rpm. with six cylinders 12.59 
in. by 12.59 in. They were the first diesel engines 
to be installed in U. S. submarines outside of those 
built by the Electric Boat Co. 


The Navy Department called on Busch Sulzer to 


Crosshead, two-cycle submarine engine, 420 bhp, 350 
rpm., built by Electric Boat Company. 
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Sectional end elevation of a Sulzer 
two-cycle engine. 


Above, center: Busch-Sulzer 500 hp., 
four-cycle engine. 


Above, right: First V-type diesel en- 

gine, a 12-cylinder, 7/2” bore, 11” 

stroke, 300 hp. at 450 rpm unit, built 
by Winton. 


build submarine engines. ‘The first engine con- 
tract to Busch Sulzer was awarded in early 1915 
for a number of non-reversible engines. ‘This 
was followed by additional awards so that by the 
end of 1917, a total of about 70 engines had been 
built or were building. While all of them were 
of the air injection type, two of the sizes were two 
cycle engines and there were also some four cycle 
engines. The four cycle engines had six cylinders 


14Y in. by 14 in. and were rated at 500 bhp. at,’ 


410 rpm. The small two cycle engines had six 


cylinders 914 in. by 12 in. and developed 300 bhp. ~ 


at 400 rpm. As the picture of them shows, these 


engines were fully enclosed with the reciprécating, 


type piston scavenging pump and the injection 


shaft housing running along the top of the engine 
in front. The vertical shaft for driving the cam- 
shaft is at the after end with the governor at the 
top ‘end of it. 


CLEVELAND DIESEL 


In 1914, two new Winton Gasoline engines made 
their appearance. ‘These were the Models W28 and 
W29. The W28 was a six-cylinder unit, with 614 
in. bore, 9 in. stroke, developing 150 hp. ‘The 
W29 was an eight-cylinder, with the same bore 
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Six-cylinder, 11” x 14”, 225 hp. Winton diesel. This engine weighed 44,000 Ibs. and measured 18’-2” 
long, 4’-4” wide, 6’-6” high with a depth of 2’-4” below base. 


and stroke as the W28, and developing 200 hp. 
A large number of those two models were seld to 
the American and Russian Governments for use 
in mine layers and river vessels. The company at 
this time also developed a diesel engine known 
as Model W35. This was a six-cylinder unit, with 
11 in. ‘bore, .14 in. stroke, developing 225 hp. A 


humber ‘of these engines were sold to the Italian 


Government for war service. 


In 1945, the company produced what was probably 


_ the first’ V-type twelve-cylinder Diesel engine ever 
built.:. This was known as the Model W30. Two 


of these engines were installed in the La Belle, 


‘ replacing the three six-cylinder gasoline engines 


air compressor at the forward end. Note the cam _»;., withi which she was originally powered. 


In-1916, the Model W24, a six-cylinder Winton 
full diesel-type marine engine, was produced. This 
engine ‘had a bore of 12-15/16 in. and a stroke of 
18 in., and-developed 225 hp. This was the first 
diesel engine which the company designed strictly 
for workboat service, and was installed in such 
ships as the auxiliary freight schooners Esperanca, 
Pochoney, Adrien Badin, Charles Gawthrop, Shere- 
wog and Erris, ranging from 230 to 255 feet in 
length. Shortly thereafter followed the Model 


W40, an eight-cylinder diesel, with the same bore me 


and stroke as the Model W24, and developing 500 
hp. Engines of this type were installed in the 
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Mt. Baker, Mt. Hood, Mt. Shasta and James a 
Simpson, all freighters, ranging from 286 to 305 | 


feet in length. 


A DOUBLE ACTING ENGINE 


Typical of the experimental and development 
work going on at the time was the four cycle 
double acting engine designed by McCarty and 
built by the Midwest Engine Company in 1915. 
It had two cylinders 11 in. by 15 in. with their 
open ends facing each other. This arrangement 


avoided the use of piston rods; the pistons were | 


attached to the crosshead below the lower cylinder 
by outside rods. All valves were actuated by the 
motion from one eccentric. Since the engine was 
intended for marine work and had to be reversi- 


ble, another eccentric was provided for proper 


valve timing in opposite rotation and a Stephen 
son link arrangement controlled the choice of 
eccentric used. This engine was intended to de. 
velop only 100 bhp. at 150 rpm.; it was entirely 
experimental and no commercial development 
followed. 


DIESEL PROGRESS 


“ 


MAY 1948 


Two viev 
| 
| 


> same bore © 


eloping 500 
lled in the 
and James 


286 to 305 


evelopment 
four cycle 
Carty and 
y in 1915. 
with their 
rangement 
stons were 
er cylinder 
ted by the 
engine was 
be reversi- | 


or proper | 


a Stephen: | 
choice of 7 
led to de 
is entirely 
velopment 


PROGRESS 


\r about this same time, the Brown Engine Com- 


_ pany of Fitchburg, Mass., builders of steam en- 


gines, undertook a horizontal four cycle double 
acting engine. The one and only engine they 
built of this type was installed in a phosphate mine 
in Florida, but it was soon removed because of 
unsatisfactory operation. 


CRAIG 


While not many of these engines were built, they 
had distinctive features and were a part of the 
trend of diesel design during that period. 


james Craig had been tor several years a builder 
of high grade marine gasoline engines. Most of 


' them had been installed in yachts but several of 


them had been used for powering the early sub- 


» marines. Thus Craig leaned toward light weight 


Two views of the McCarty engine of 1915—a double-acting, four cycle 
experimental unit. It had two cylinders, 11” x 15”, facing each other. 
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construction in his desigus. “Lhe mechanical fea 
tures of his gasoline engines carried over into 


his diesel engines. 


Early in 1915, he built and installed in the yacht 
Aeldgytha twin screw engines each of 175 bhp. at 
400 rpm. This installation was claimed to be at 
the time the first twin screw diesel job in this 
country in other than a submarine. The engines 
had six cylinders 914 in. by II in. and they are 
illustrated here. There was a cast iron bedplate 
running the length of the engine, in two pieces 
bolted together. Also there was a “super” base 
to which the cylinders were bolted. ‘The “super” 
base was secured to the bedplate by turned steel 
columns with braces. At the time, and for many 
vears previously, this type of engine framing was 


widely used for steam and: gasoline engines. 


Right: Cross section of Craig ma- 
rine engine with working parts iden- 
tified. 


Of the four cycle type, there was an auxiliary 
exhaust valve at the side of the cylinder in addi- 
tion to the regular exhaust valve in the cylinder 
head. An auxiliary camshaft opened this auxiliary 
exhaust valve before the piston uncovered the 
exhaust port near the lower end of the working 
stroke of the piston, so that some 80 per cent of 
the exhaust gases passed out through this lower 
valve before the main valve opened. Neither valve 
had to open against any pressure. 


‘The engines were directly reversible and by slid- 
ing the camshafts the proper cams were brought 
into place for action. A single fuel pump supplied 
fuel to all of the cylinders and distribution was 
controlled by separate needle valves and check 
valves in the lines to the individual fuel spray 
valves. The latter were of the inwardly opening 
type. The air compressor was mounted at the 
forward end of the engine and driven from the 
crankshaft. A few years later, Craig built a large 
single acting four cycle engine for a sea going ship. 


AMERICAN LOCOMOTIVE 


‘The history of the American Locomotive Com- 
pany’s Diesel engine and its development started 
when John E. Mcintosh and James A. Seymour 
formed the Mcintosh & Seymour Company in 
1886. From this beginning reciprocating steam 
engines were built in Auburn until 1913. 


‘The building of these steam engines required 
engineering ability and manufacturing facilities 
which were readily adaptable to the manufacture 
of diesel engines. In 1913 the Aktiebolaget Atlas 
Diesel Engine 


Company of Sweden purchased an 
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The Mcintosh & Seymour diesel displayed at the Panama Pacific Exposition, 1915. 
First engine built at Auburn, New York. 


McIntosh & Seymour, 4-cylinder, Model B-32 diesel. Air compressor is located 


interest in the McIntosh & Seymour Corporation 
and provided this corporation with the engine 
designs and patented features which were used in 
the manufacture of the first few types of engines. 


The first few engines that were adopted for manu- 
facture in Auburn were built in accordance with 
the Swedish designs with very little change. All 
engines were of the four cycle type, single acting, 
vertical air injection, using the Hesselman type 
of fuel injection system. 


The first engine built and shipped from Auburn 
was known as the 4-A-38 type with 187% in. bore, 
2834 in. stroke, in four cylinders. It was rated 
500 hp. at 164 rpm. The main construction of 
this engine consisted of a base extending the 
entire length of the engine with four separate “A” 
frames within which the cylinder liners and water 
jackets were included. The injection air compres- 
sor at the free end of the engine was also separate 
The camshaft drive, 
which is located between the compressor and No. 


from the main cylinders. 


right hand end of engine. 


1 cylinder, had spiral gears and the regulating 
governor was mounted on this vertical shaft. 


This type of engine was in current production 
until 1924 when approximately sixty (60) engines 
had been built. The engine was exhibited at the 
Panama-Pacific International Exposition in San 
Francisco in 1915, and McIntosh & Seymour Cor- 
poration was awarded a Grand Prize for this 
accomplishment. 


The original designs of the B-32 model were im- 
ported from Sweden and used in building 2, 3, 
and 4 cylinder models. This engine had 16 in. 
bore, 24 in. stroke, and was rated 90 hp. per 
cylinder at 200 rpm. In later years the bore of 
this engine was increased to 1614 in., then to 17 
in., and later 1714 in. with corresponding increases 
in ratings. The stroke was also increased to 25 in. 
and the speed increased from 200 to 225 rpm. 


The essential design of this engine consists of a 
base and frame extending the full length of the 


engine with individual power cylinders and com. | 
pressor cylinder mounted on the frame. The fiy- 


ball governor was mounted on the vertical cam- 
shaft drive shaft which was located between the 
compressor and the No. | cylinder. 


In 1924 this type of engine was re-designed using 
camshaft spiral gear drive located at the flywheel 


end of the engine, and the governor was mounted 


at the free end of the crankshaft. There were over 
200 of these engines built and a few of them were 
also built with solid injection instead of air 


injection. 


The B44 type of engine, which was similar in de- 
sign to the B32 was built in 4 and six (6) cylin- 
ders, rated 167 hp. per cylinder at 150 rpm. The 
original design was with 22 in. bore and 32 in. 
stroke, which was later changed to 23 in. bore and 
the rpm. increased from 150 to 164 rpm. This 


model was in production until 1929 and approxi- 7 


mately thirty-five (35) engines were built. All 
engines were placed in stationary plants, many of 
them in oil pipe line stations. 


DE LA VERGNE TYPE DH 


This company continued its efforts towards the 
improvement of the pump injection engine and 
by 1915 placed the Type DH on the market. This 
engine was a horizontal, four cycle type and was 
built only in smal) cylinder sizes, 25 to 65 hp. per 
cylinder. An uncooled vaporizer was bolted to 
the lower part of the cylinder head and this was 
heated by a torch before starting, as was the prac- 
tice for other hot surface or hot bulb engines. 
The compression pressure was 175 to 200 Ibs. and 
the maximum pressure about 325 lbs. Fuel con- 
sumption was 0.5 Ibs. or Jess at full load. 


Later, the compression pressure was raised to 280 
Ibs. and the maximum pressure became about 450 
Ibs. The vaporizer was left uncooled but it was 
no longer necessary to heat the vaporizer with a 
torch before starting. Instead, an ignitor fuse was 
used. When ready to start, this fuse was placed 
in the firing plug, lighted with a match, and the 


firing plug inserted into the cylinder head and J 
locked in position by a half turn of the handle. | 


The heat of the compression plus contact of some 
of the fuel with this fuse was sufficient to ignite 


the fuel and start the engine on its regular cycle, | 
once the engine had been brought to starting © 


speed by the starting air. The fuel consumption 
was improved by these changes, readings as low as 
0.41 Ibs. being recorded. 


FUEL INJECTION 


Much of the material under the subject of Fuel 9 
Injection has been obtained through the courtesy ¥ 


of P. G. Burman and Frank De Luca, the authors 
of a book entitled “Fuel Injection and Controls 
for Internal Combustion Engines.” The chapter 
on the history of the development has given the 


basis for many of the dates and details included 3 


in this survey. 


Diesel’s original patent drawings had shown a| 


method of feeding powdered coal into the engine 
cylinder. In Germany at the time, coal was the 
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Single cylinder “DH", De La Vergne oil engine of 
about 1916. 


common fuel for the steam plants in general use 
and powdered coal was a waste fuel because there 
was no known method of burning it. But this was 
not an essential part of the engine. Diesel’s mind 
was concentrating on developing the most efficient 
heat engine, and the particular fuel used was 
secondary. 


As has already been related, the diesel engine as 
it was actually developed used liquid fuels and 
it was found that compressed air was needed for 
proper atomization of the fuel and for good com- 
bustion. Fuels were of uncertain quality, and the 
air injection method provided the necessary flexi- 
bility in operation for handling any variations. 
Moreover, the injection air created the necessary 
turbulence in the combination space and mixed 
the atomized fuel with the air for combustion. 


It was usual in the case of the early diesel engines 
for the engine manufacturer to make all of the 
parts needed for the engine. The diesel engine 
business was too new and of too small proportions 
to be attractive to accessory manufacturers or even 
to warrant the development of accessory equip- 
ment. So the engine builder designed and built 
his own air compressor. At first, only one or two 
stages were employed to compress the air up to 
600 or 800 Ibs. per sq. in. The result was over- 
heating, carbonization of the lubricating oil and 
sometimes explosions. Then the engine manufac- 
turers adopted the three stage, and in rare cases, 
the four stage compressor. They also learned how 
to build compressors and so the earlier troubles 
were reduced even if they were not entirely elimi- 
nated. A few of the engine builders turned to 
air Compressor manufacturers at an early date and 
rid themselves of their compressor problems. 


During the first fifteen or twenty years of the 
diesel engine's existence there were many experi- 
ments with the interior design of the spray valve 
in the cylinder head. It was claimed by some that 
the diesel was a natural user of low grade fuels, 
and some users put their engines to the test. The 
earliest spray valves merely tried to break up the 
fuel flow as it passed down inside of the valve. 
In 1908, Knut Hesselman disclosed an aspirating 
type wherein the flow of the air drew the fuel into 
the air stream where it was entrained and carried 
into the cylinder. A patent for this was granted 
in 1909. This started a whole new series of similar 
attempts by others. 


MAY 1946 


It will be remembered that all of the surface 
ignition engines, such as the Hornsby Ackroyd and 
Mietz & Weiss, used pump injection of the fuel. 
The injection pressures were low and the fuel 
spray was very coarse. There was no special dif- 
ficulty in making an injection pump for such 
engines. And the simplicity of such fuel injection 
systems appealed to everyone. They provided an 
incentive to get rid of the compressor and the cost 
and complication of air injection. 


The developments took two general courses. One 
was to lead through the development of combus- 
tion chambers which would be satisfied with low 
or moderate fuel injection pressures, and there are 
engines today working on such lines. The other 
course was to develop a method of high pressure 
fuel injection. 


The first important development of the latter type 
came in 1910. Vickers in England had been build- 
ing air injection kerosene burning submarine en- 
gines. The air compressors gave so much trouble 


Longitudinal section of the "DH" engine showing 
arrangement of valves and combustion chamber. 
that the Admiralty insisted that Vickers get rid 
of them entirely. Their engineer James McKech- 
nie developed a pump injection system where a 
metering pump delivered fuel to a spring loaded 
plunger which was raised against its spring by a 
cam. At the correct moment, a mechanically oper- 
ated fuel valve allowed the fuel to be injected into 
the cylinder by the spring return of the plunger 


until the displaced plunger reached its stop. 


In 1915, McKechnie developed the fuel system 
which came to be called the common rail type. 
In this system, one or more positively driven 
pumps delivered fuel to an accumulator which 
was in constant communication with a header that 
ran the length of the engine, a “common rail.” 
Each cylinder had a mechanically operated spray 
valve which admitted the proper quantity of fuel 
to the cylinder at the right time. A pressure of 


about 5000 Ibs. was maintained in the accumulator 
..+..+ And now please turn to page 88 ..... 
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January 7, 1930... America 
read the news that a con- 
ventional passenger car, 
equipped with a diesel en- 
gine, had been driven from 
Indianapolis to New York 
City for a fuel cost of $1.38. 
Many everyday Americans 
who had never thought twice of diesel power suddenly 
became diesel-conscious. 

That first successful high-speed diesel, which opened 
new uses for diesel power, was built by the Cummins 


Engine Company, Inc. Throughout the last 30 years of 


the 50-year history of the diesel in America, Cummins 
has been a pioneer in establishing the position of the 
diesel as the economical, dependable source of power 
it is today. 

Development of the auto- 
motive diesel was made pos- 
sible by the entirely new 
fuel system developed by 
Cummins. In the Exclusive 
Cummins Fuel System, the 
distributor-type pump as- 
sures each cylinder an ac- 
curately-metered, properly- 
timed fuel charge. This 
Cummins advancement made the diesel engine ap- 
plicable to not only automotive equipment—but also 
to marine, logging, petroleum, construction, and other 
industrial power needs. 
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| ODAY we are suppling the 
power field with immediate deliveries 
_of diesel engine generator units, rang- 
ing from 15 KW to 1000 KW capacity. 
Not only do we supply the power units, 
hut we also give you a background of 
" proven experience gained through fifty 
years of installing successful power units 
_and complete power plants. 
i Efficient diesel power applications are 
‘not just “dreamed up” by any and 
‘everyone. Proper power installations 
‘should be carefully planned for the 
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and header. Surplus tuel was returned to the fuel 
supply tank through an overtlow valve which was 
spring loaded to maintain the proper pressure. 
This was an important advance because the high 
pressure pumps were packed and thus the system 
and its parts could be made with the materials 
and workmanship then available. The combustion 


results were fully equal to the air injection system. 


Phe development of nozzles for spraying ‘the fuel 
into the cylinder began in this country as early 
as I88t when J. P. Holland tiled a patent for a 
poppet type of nozzle, There has been a long 
procession of experunents and developments since 
and some of the early ideas have survived and are 


in tise, 


SUMNER 


This engine was on the market trom about 1916 


over the next tew vears. It was an attempt to 
supply a simple marine oil engine which would 
especially appeal to those who felt that the run- 
ning gear of any engine should be like that of the 
old reciprocating steam engine. The operating 
engineer could see the gear in motion and could, 
if he wished, get his hands on it to make sure it 
Was running cool, Such men did not believe in 


forced lubrication and closed crankcases. 


Vhese engines had cylinders of the semi-diesel type. 
The uncooled combustion chambers were heated 
by tuel oil torches before starting, and in opera- 
tion supplied the heat for ignition. The compres- 
sion pressure was 125 Ibs. and the maximum ex- 
Of the 


scavenged 


plosion pressure was 350 Ibs. per sq. in, 


two cycle type, the cylinders were 


through ports, and the scavenging air was supplied 
by the beam driven pumps on the back of the 
engine, plus the air trom the pumping action of 
the lower end of the pistons. Each end of the 
scavenging pumps was connected to its own cvlin- 
der — there connections between 


were Cross 


evlinders. 


These engines were directly reversible in either 
four cvlinder or six cvlinder units. The cvlinders 


oo 


were 16t, in. by 22 in. and at 210 rpm. the four 


First diesel engine built by Atlas Imperial seen after 
change from air injection te mechanical injection, about 
1920. 


Ferry “Mercer”. in operation since 1916 with Atlas Imperial No. | engine 
still in service. 


evlinder unit was rated at 350 bhp. This corre- 
sponds to a brake mep. of about 35 Ibs. The 
principal bearings had low pressure forced lubri- 
cation but the minor bearings had wick feed oiling. 


ATLAS IMPERIAL 


This company had been at its new location, the 
present one, since 1911, and had been very busy 
building gasoline and distillate engines for marine 
and stationary uses, but especially for the fishing 
boat trade. By 
diesel engine and began to build its first one. The 


1914. it became interested in the 


price of gasoline had gone up to where the opera- 
tion of gasoline engines was uneconomical and 


something had to be done. 


This first engine was a four-cvcle, 6-cylinder, 250 
hp. engine, having an 111, in. bore and a 14 in. 
stroke. It was originally constructed as an air- 
injection engine, and in about 1920 was equipped 
This was 
truly an All-American engine, having been de- 


with the mechanical injection system. 


signed completely by the company, without benc- 
fit of, 
ropean manufacture. 


and not built under anv licenses of Eu- 


The engine as originally built was intended for 
installation in a mine, but World War One inter- 
rupted the delivery of the engine to its original 
purchasers, and it was not until 1916 that the 
engine was delivered. equipped with a one-way 


clutch at each end, and installed in a_ terry 
boat then named the “Vashon Island.” starting 
off on a long, uninterrupted career. Atter sev- 


eral vears’ operation under its original name. 
the ferry was transferred to Lake Washington for 
ferry service across the Oake, and operated there 
number of under the 
In 1939 the old vessel again changed 


for a vears name of 
“Mercer.” 
its name but the old engine. Atlas Imperial No. |. 
was still retained. and is today operating in the 
ferry. “Islander.” between San Pedro and Termi- 


nal Island. California. 


In 1917 the company developed three more cvlin- 
der sizes of diesel engines, and produced an engine 
of each cvlinder size. There was a four cvlinder 
9 in. by 12 in. which rated at 110 hp. The four 
cvlinder 101, in. by 13 in. gave 125 hp. and the 
first one was exported to Bolivia. Then came the 
six cvlinder 1214 in. by 16 in. which developed 
350 hp. The company had decided that the best 
market for diesels was in the range up to 500 hp 
and undertook to cover that portion of the fiek 


All during the war the company had been very 
busy building its line of gas and distillate engines. 
and continued building them to some extent unt! 
1919 when distillate was taken off the marke: 
Then the company settled down into the diesel 
business for good. There could be no question 
of their activities from then on. 
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It was in 1919 that the company took one of the 
leading steps in the Diesel engine industry in the 
United States toward the climination of the air- 
injection compressor. As a result of its desire to 
get away from this feature, the company developed 
by its own efforts a fuel-injection system of its 
own (although Vickers in England had developed 
and used such a system), according to “Common 
Rail” injection system. So successful has this 
system been that it is still in use, with a few 
modifications in details, after some 27 or 28 vears. 


The largest marine market the company had was 
for fishing vessels and work boats where simple 
sturdy engines were needed. So the designs of the 
engines were along those lines. They were slow 
speed, conservatively rated, and the open valve 
gear made it easy for the operator to understand 
what was happening and why. And the common 
rail fuel injection system was simple to build and 
easy to understand. 


WAUKESHA 


With the outbreak of World War I, there was a 
great development of power farming required to 
increase food production in the face of general 
man-power shortage. So the company concentrated 
on engines for farm tractors, and between 1916 
and 1920 was making engines for over thirty 
tractor builders. 


In 1917, Harry L. Horning, one of the company 
founders and at the time chief engineer and gen- 
eral manager, was appointed chairman of the 
Committee of Design by the War Department to 
produce a standard engine for a military transport 
truck. It was the first standard engine the Army 
had. Eleven days after the design was completed, 
Waukesha, entirely on war work, delivered the 
first engine on October 15, 1917. 


BUCKEYE 


In 1917, the company decided to enter the larger 
engine field and build oil engines. The first unit 
was a horizontal, two cycle semi-diesel engine. It 
had a 16 in. bore with 20 in. stroke and developed 
90 hp. at 240 rpm. The bmep. was about 40 Ibs. 
per sq. in. The crosshead construction permitted 
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Single cylinder, horizontal Buckeye oil engine of 1917. 


the use of the underside of the piston as an air 


pump for the scavenging air. 


These engines were so successful that the gasoline 
engine line which had been built up to that time 
was abandoned, and all efforts were concentrated 
on the oil engines. The line of oil engines was 
soon enlarged to provide 55, 60, 75, 90, 110, and 
125 bhp. in single cylinders, and 160, 190, 230 
and 260 bhp. in twin units. They were all similar 
to the first engine. Starting was by compressed 
air after the ignition bowl of the combustion 
chamber had been heated by a gasoline torch. 
Fuel injection and engine regulation were accom- 
plished by a Buckeye designed fuel system and 
governor. This line of engines was continued in 
manufacture for several years. 


DE LA VERGNE 


This company continued to strive for a simple 
form of solid injection oil engine which would 
have the efficiency of their earlier type FH but 
without the het surface bulb needed for ignition 
of the fuel. About 1914, W. T. Price, then chief 
engineer of the company, having occasion to no- 
tice the very fine water mist produced by oppos- 
ing spray nozzles, conceived of the idea of apply- 
ing the idea to fuel oil sprays in an engine. An 
experimental undertaken. Many 
trials were made and gradually the Price com- 


program was 
bustion chamber was evolved. 


This form of combustion chamber consisted essen- 
tially of two conical volumes with their bases to- 
gether. A fuel nozzle was placed at the apex of 
each cone. Thus the volumes conformed to the 
fuel sprays fairly well and the fuel was kept from 
the combustion chamber walls. The whole com- 
bustion chamber was separated from the cylinder 
by a round throat with a sharp corner at the 
cylinder entrance. 
allowed between the piston crown and the cylinder 


Only a small clearance was 


head so that on the compression stroke practically 
all of the air was driven into the combustion 
chamber. This produced considerable turbulence 
inside of the chamber into which the fuel had 
been sprayed. The greatest turbulence was where 
the two sprays met. Most of the combustion of 


Longitudinal section through the Buckeye “Hot Cup” oil engine. 


the fuel took place in the combustion chamber. 
The first experimental engine in its final form 
had its tests in early 1917. It showed a fuel con- 
sumption of less than 0.4 Ibs. per horsepower 
hour. This performance immediately attracted 


much attention. 


As originally built, the engine had a compression 
pressure of about 220 Ibs. A punk stick or cart- 
ridge was necessary for cold starting, but after 
brief operation on fuel that compression pressure 
was sufficient for ignition even with fully water 
cooled combustion chamber and cylinder head 
walls. Later the compression pressure was raised 
to about 330 Ibs. and that alone was sufficient for 


cold starting. 


The first engine to be built with this combustion 
chamber was a vertical marine engine intended to 
be installed in an auxiliary sailing ship. Actually 
however the engine was installed in the De La 
Vergne power house, and later was to add further 
to its fame as being the first diesel engine ever to 
use a chain for driving the camshaft. 


Soon after the first World War was over, Price 
left De La Vergne and formed the Price Engine 
Company to exploit the use of this combustion 
chamber. He sold the patent rights to Rathbun- 
Jones who later sold them to Ingersoll Rand. 
Thus De La Vergne, Rathbun-Jones and Ingersoll 
Rand had the right to do so and did build engines 
with the Price combustion chamber. At one time, 
Ingersoll Rand licensed Carels of Belgium to 
build engines using this combustion chamber. 


The De La Vergne Company applied this type 
of combustion chamber first to its line of hori- 
zontal engines and marketed them under the type 
designation of SI. Many of the earlier FH models 
were converted to this combustion system and 
even some early HA engines were rebuilt to in- 
clude this type of combustion chamber. Experi- 
ence showed that this Price combustion chamber 
could burn almost any fuel oil and the pump 
injection system needed was simple with an injec- 
tion pressure of only a few thousands of pounds. 
At that time, beginning about 1917, it became 
possible to manufacture injection pumps that 
would handle pressures up to 2 or 3,000 ibs. with- 
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oat undue leakage by lapping the plungers into 
the barrels. The spray nozzles were single hole 
with spirally grooved pins back of them to whirl 


the spray. 


The De La Vergne Company gave the following 
fuel guarantee for this SI type of engine: “We 
guarantee the Type SI engine to operate success- 
fully on any commercial grade of crude oil, dis- 
tillate, or fuel oil produced in the U. S. or Mexi- 
co.” This was indeed a broad guarantee and was 
put to the test many times, but the engines always 
met.the challenge. 


These engines were built in three single cylinder 
sizes of 100, 150 and 180 hp. per cylinder and in 


twin cylinder units. 
y 


The company also built a type FD meaning an 
air injection full diesel engine. However many 
of these were converted over to the SI type. ‘The 
largest engine of these types was a six cylinder 1080 
bhp. unit installed in the Hawaiian Islands. Many 
three cylinder units were also installed there for 
pumping water for irrigation. ‘These were hori- 
zontal engines and the largest cylinder was 21 in. 
by 341% in. and ran at 164 rpm. The three cylin- 
der engines were arranged with the cylinders ad- 
jacent. The six cylinder unit had two three cylin- 
der groups with the flywheel and generator for 
taking the load between the cylinder groups. 


For many years prior to the War, the company 
had been owned and controlled by German capi- 
tal. In 1917, the company was seized by the Alien 
Property Custodian of this country and offered 
for sale. In 1918, the company was purchased by 
the Cramp shipyard for building steam turbines 
for Navy destroyers. Also, there were built some 
200 Lawrence nine cylinder radial air-cooled air- 
craft motors. This engine had been developed 
by, C. L. Lawrence and had become a _ practical 
engine suitable for aircraft use by that time. It 
was later adopted by Wright and became the fore- 
runner of the standard air-cooled airplane engine 
which has been so generally used ever since. 


RATHBUN JONES 


This company was founded in 1903 to build gas 
engines. The Jones part of the name came from 
former Mayor Jones of Toledo, and the Rathbun 
part from the Rathbun brothers who still run 
the business. These early gas engines were of dis- 
tinctive desigh, many features of which carried 
over into the first diesel engines. And all during 
the years the company has continued to build gas 


engines of the moderate compression spark igni- 
tion type along with the diesel engines. More 
recently, the company has built dual fuel engines, 


that is te say, gas diesels. 


In 1917, William ‘TP. Price, who had invented the 
Price combustion chamber, joined with them to 
market the Pri->-Rathbun diesel engine. ‘The 
accompanying illustrations show the construction 
of these early engines. The main bearings were 
adjustable by wedges under them so that align- 
ment could be maintained. The inlet and exhanst 
valves were opened by a special valve gear with 
eccentrics on the camshaft and a roller rocker 
motion at the top. Low compression was used, 
about 200 Ibs. per sq. in. The maximum com- 
bustion pressure was about 425 Ibs. There were 
individual fuel injection pumps, one for each 
cylinder. A flyball governor on the camshaft con- 
trolled the quantity of fuel according to the load 
requirements and also varied the intake air in 
order to maintain the cylinder temperature at 
light loads. The engine was started by compressed 
air, timed by the distributor on the end of the 
camshaft. Electric igniters were used for the first 


few revolutions when the engine was cold. 


‘This same engine was built as a marine engine 
as well as for stationary purposes. The reversible 
marine engines were reversed by changing the 
timing of the air starting distributor so that the 
engine would start in the opposite direction when 
the starting air was turned on. The fuel injection 
pump cam was symmetrical. The exhaust valve 
acted as the intake valve and the intake valve as 
the exhaust valve, when going astern. Both intake 
and exhaust manifolds were water jacketed. ‘The 
marine engines had built-in propeller thrust bear- 
ings and an air compressor for supplying starting 
air. Cooling water pumps were also added. 


Over the next few years, the line was extended 
to cover stationary engines up to 1000 hp. and 
marine engines up to 750 hp. The larger station- 
ary engines consisted of two engines coupled with 
the flywheel and generator in between them. 


A change was made in the combustion chambers 
to raise the compression pressure so that no elec- 
tric spark or auxiliary heat of any sort was needed 
for ignition even when starting. 


MIETZ & WEISS 


These engines were in their heydey from about 
1910 to about 1920. They were built for both 
stationary and marine service and were especially 
popular in the vertical marine models. At this 


oil engine. 


Below: Three-cylinder Price-Rathbun engine. Note start- 
ing air distributor, lower front. 


Transverse section of the Price-Rathbun stationary oil 


Compressor end of Price-Rathbun heavy-oil marine 
engine. 


Left: De La Vergne, 100 hp. single cylinder Type "SI" 
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Type "SI" 


lote start- 


tionary oil 


| marine 


Typical Price-Rathbun oil engine of about 1917 with 
outboard bearing and heavy flywheel. 


Below: Longitudinal and transverse section of the Mietz 


& Weiss oil engine. 


Above: First Mcintosh & 

Seymour marine engine— 

16” x 24”, rated 50 hp. at 
185 rpm. 


REVERSIBLE ~ TYPE J 


time they were offered with reversing gears in a 
wide range of sizes from the single cylinder 2 hp. 
engine at 1000 rpm. to the four cylinder unit of 
80 hp. at 400 rpm. Directly reversible engines 
were offered in many sizes from the three cylinder 
45 hp. at 400 rpm. to the six cylinder 600 hp. 
at 180 rpm. 


As the sectional views show, these engines were 
of the semi-diesel crankcase scavenging type with 
the uncooled bulb in the cylinder head for hot 
surface ignition. The multicylinder engines were 
built by bolting together individual crankcase and 
individual cylinder castings. In assembling the 
engine, the crankshaft was put in from the end 
and the divided partition plates between the in- 
dividual crankcases were bolted together around 
the journals and held the bearing shells. Note 
the simple eccentric driven air pump for starting 
air and the air starting distributor on opposite 
ends of the engine. These engines weighed from 
around 110 up to 150 Ibs. per horsepower. 


FUEL INJECTION 

One of the important developments in fuel injec- 
tion methods has been the distributor pump. The 
purpose is to insure an even delivery of fuel to 
all cylinders and thus insure even loading of the 
cylinders and the avoidance of overload on any 
individual cylinder. The idea was originally sug- 
gested by Francois Feyens of Belgium who filed 
& patent in 1913. His pump does not seem to have 
been a commercial success. 


MAY 1948 


The earliest commercial application of a dis- 
tributor system was applied to a Meitz & Weiss 
engine prior to 1919. Fuel injection was at low 
pressure and was supplied to the distributor by a 
variable stroke pump employing a wedge to con- 
trol the stroke of the pump and thereby the fuel 
quantity. The distributor consisted of a rotating 
disc having an oil passage which commuicated 
with a number of outlets that led to the various 
engine cylinders. 


Although “packless” plungers and barrels had 
been used earlier, there had been very little pub- 
lished on the subject until 1919 when Philip Lane 
Scott described in a patent applied for in this 
country a means for fitting a plunger to a barrel. 


As early as 1907, the Robert Bosch Company in 
Germany began experimental work with lubri- 
cators for steam and internal combustion engines. 
Barrels were sized by a series of reaming opera- 
tions and plungers were ground step by step until 
they fitted. They were satisfactory against a pres- 
sure of about 50 Ibs. per sq. in. By 1912, they 
had developed the method of “lapping” the 
plunger and barrel together by using tallow and 
sulphur as an abrasive until the plunger worked 
freely. 


In 1912 in this country, Otto F. Persson filed a 
patent for an injection pump which included a 
“packless” plunger. Simple methods of lapping 
were being pursued in this country from that time 
on. In 1919 Scott stressed the point that plunger 


and barrel should be of different hardnesses. The 
parts should be made without clearance between 
them and lapped together with lubricating oil. 


‘This was the beginning of lapped plungers and 
barrels which have become universally used since. 
Modern machine methods have greatly changed 
the procedures and modern methods of measure- 
ment have brought a degree of accuracy which 
was undreamed of when the idea was started, 
although Scott in 1919 estimated quite closely 
that the clearance between the plunger and thie 
barrel was of the order of one ten thousandth of 
an inch. 


AMERICAN LOCOMOTIVE 


The first marine engine to be built was of the 
M-6-B-32 type rated 500 hp. at 185 rpm. in six 
cylinders. This engine had a 16 in. bore, 24 in. 
stroke. However, the bore was later increased to 
16% in., then to 17 in., and 17% in. with the 
speed increased to 225 rpm. This design incor- 
porated a reduction in weights made necessary 
for marine applications. The base and frame are 
in single castings extending the full length of the 
engine with the propellor thrust end in the aft 
end of the base. 


‘The camshaft is located about mid-way between 
the crankshaft and the cylinder heads. It is driven 
by spur gears from the crankshaft. Push rods trans- 
mit the motion from the cams to the valve levers. 
The original design included a hand operated 
maneuvering gear, but this was later changed so 
that compressed air was utilized in all maneuver- 
ing operations. At a later date this type of engine 
was used as a stationary engine by incorporating 
the necessary designs for this type of service. 


The M-6-B-24 type of engine was a small direct 
reversible marine engine being similar to the 
M-6-B-32 type except that the frame included the 
power cylinders and water jackets instead of in- 
dividual cylinders. 


The rating was 300 hp. at 285 rpm. with 12 in. 
bore and 18 in. stroke. In later years this bore was 
increased to 121% in., 13 in., and 135% in. This 
type of engine was later redesigned for stationary 
purposes also for auxiliaries aboard ship. 
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Above left: Mcintosh & Sey- 
mour, 6-cylinder 900 hp., cross- 


diesel-e 


The first diesel engine completely designed in 
Auburn was the M-6-B-44 type which was specially 
hd designed for the U. S. Shipping Board Cargo 
Ships for use in World War I. None of these 
engines were used for this purpose as the Armistice 
was signed before an engine was shipped. 


This engine was rated 750 hp. at 135 rpm., 22 in. 
bore, 32 in. stroke, four cycle, six cylinder in-line, 
air injection, direct reversible, using air for ma- 
neuvering and starting, also non-cooled pistons. 
The Hesselman type of injection system was used. 
Eight (8) engines were completed though the last 
four were equipped with oil cooled pistons using 

4 telescopic tubes for passage of the cooling oil. 
At a later date this type of engine was re-designed 
as a cross head engine. 


a The M-6-B-44 type was re-designed and made into 
a cross-head type of engine then known as the 
M-6-C-44. This engine was equipped with 22 in. 
bore, 32 in. stroke, rated 900 hp. at 140 rpm. 
The base extended the entire length of the engine 
with “A” columns mounted on the base between 
the cylinders. The cross-head guides tied the col- 
umns together. The individual cylinders were 
mounted on the columns. The pistons were water 
cooled with the water passing through telescopic 
2 tubes. At a later date this type of engine was 


re-designed for stationary service and the bore 
increased to 23 in. and the speed to 164 rpm. 


CLEVELAND DIESEL 


In 1919, the company installed a diesel-electric 
drive power plant in the yacht “Elfay. This nota- 
bly beautiful yacht, owned by Russell A. Alger 
and designed by Nat Herreshoft of America’s Cup 
fame, was powered by a Winton Model 59, six 
cylinder, 115 hp. diesel engine. Running at 450 
rpm., it was direct-connected to a 75 kw., d.c. gen- 
erator which, in turn, operated a 90 hp. motor 
attached to the propeller shaft. This installation 
was the company’s first application of diesel- 
electric drive to marine service. It proved a com- 
plete success and laid the groundwork for the 
development of this system of ship propulsion in 
the succeeding years—notably in commercial and 
government vessels of various types. 


POST WAR I SUBMARINE DIESELS 


During the War, the German submarines with 
their four cycle type Augsburg engines were nota- 
bly successful. Our own Navy had had troubles 
with the earlier MAN type engines built by the 
Electric Boat Co. but good success with the four 
cycle type, although they had been nicknamed 
“rock crushers” due to the valve gear and its 


Above: The 


Left: Busch-Sulzer 
cycle diesel 


Right: Transverse 
through the Navy-MAN; 1000 
hp. submarine engine. 
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noise. These factors influenced the Navy to lean 
strongly towards four cycle type engines. Reli- 
ability in operation was necessary. 


The first eight cylinder engines built by Electric 
Boat were of their four cycle type as already de- 
scribed and were installed in the Spanish sub- 
marine “Isaac Peral” in 1916. They were followed 
by many such engines in the United States. S type 
submarines building as the War ended were not 
commissioned for some time afterward due to 
torsional vibration troubles in the engine crank- 
shafts. It was learned afterward that the MAN 
company first experienced this same difficulty early 
in the War. Vickers in England found it during 
the War. In all cases, it was the first eight cylinder 
engine running at the higher speeds in submarine 
service that first had the difficulty. The result was 
the founding of a separate science on this subject 
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which took years to develop and required the 
contributions from many individuals. 


However, even during the War the Navy decided 
to try additional types of engines and also larger 
powers were needed for the larger submarines and 
the higher speeds of them. One of these was a 
six cylinder two cycle engine of 900 bhp. at 350 
rpm.; cylinder dimensions were 147% in. by 1634 
in. Although projected in 1916, the engines were 
not installed and the submarine commissioned 
until 1919. 


At the conclusion of the War, the Navy acquired 
some German submarines and engines. The en- 
gines were so admired that the Brooklyn Navy 
Yard was instructed to copy two of the sizes. The 
smaller one was a six cylinder four cycle 1734 
by 16-9/16 in. rated at 100 bhp. at 425 rpm. Only 
a few of these engines were built but they were 
used in submarines. The larger engine was a six 
cylinder four cycle 2074 in. by 207% in. engine 
rated at 1400 bhp. at 345 rpm. Later a ten cylin- 
der engine of this cylinder size was built but the 
torsional vibration troubles with them were insur- 
mountable at the time as installed in submarines, 
and they were not operated long. The cross sec- 
tion shows the construction of these engines. Both 
cylinder sizes were similar. The engine structures 
were of thin steel castings and these were a diffi- 
cult point in the manufacture of these engines. 
However, much good experience was obtained 
and the Navy was building a background of design 
knowledge, and skill in building, installing and 
operating diesels of many types and sizes for sub- 
marine service. 


Projected in 1918 but not installed and in com- 
mission until 1922 were some large two cycle 
crosshead type engines built by Busch Sulzer for 
fleet type submarines. These six cylinder engines 
were rated at 2250 bhp. at 310 rpm. and had 
cylinders 2154 in. by 2154 in. They were made 
direct reversing and were used for maneuvering 
the submarine, while other engines were installed 
forward of these and added their power at high 
speeds through electric drive. 


They proved to be satisfactory and reliable in 
operation, in fact, after the submarine had out- 
lived its usefulness, the engines were used by the 
Army to help supply power for the Alaskan high- 
way and pipeline construction during World War 
II. 


During the 1920s, submarine engine and boat 
building were at a minimum, but the existing 
submarines were being operated and extensive 
experience was being gained. A limited attempt 
was made to use diesel engines for auxiliary gen- 
erating units on battleships during the early 1920s, 
but space and lack of proper experience produced 
faulty installations. In addition, the operating 
crews were steam minded and lacked diesel ex- 
perience. The overall result was a failure. 


UNION 


The wide scope of this company’s activities in the 
gasoline engine field can be indicated by citing 
some examples of such engines built. 


In 1915, the company built what is probably the 
largest gasoline or distillate engine ever to be 
made. It was of the four cycle, open crosshead 
type of 600 bhp. and was installed in the ferry 
boat “Ramon,” and is still operating in daily 
service. This engine is about 45 feet long and 
weighs about 120,000 Ibs. 


The first airship engine was also made in 1915. 
In early November, 1917, it made what was at 
that time a world’s record for endurance of 54 
hours, and was shut down only because of a gasket 


Above: Locomotive powered with 15 hp. Union engine 
—could handle 30 tons at 6 mph. 


failure in the lubricating oil system. This engine 
is now in the Smithsonian Institute. 


In May 1919, the dirigible C-5 made a world’s 
non-stop record flight of 1050 miles powered by 
Union engines. 


Engines were also built for use in small locomo- 
tive, for many isolated wireless telegraphy sta- 
tions, for mining purposes, for many U. S. Govern- 
ment departments, and for several foreign govern- 
ments. 


Union gas engines were operated on gas, gasoline, 
benzine, distillate, kerosene, alcohol and coalinga 
oil. Retorts and heated manifolds were developed 
and patented as the use of the heavier fuels re- 
quired them. 


CUMMINS 

Although the Cummins Engine Company was not 
incorporated until 1919, it had its beginnings in 
1912. In that early year, C. L. Cummins built a 
small gasoline engine and powered a motorboat 
with it. His early operations were in New Orleans 
and vicinicy but later he took the boat to Florida. 
He experimented with devices to cut the fuel cost, 
and tried, among other things, applying heat to 
the carburetor. Although only average success was 
attained, this gave Cummins the urge to really try 
and do better. In a way, the Cummins diesel 
engine was born right then. 


In 1913, Cummins returned to Columbus, Indiana, 
and rented a small machine shop. The operation 
of this shop brought in revenue which enabled 
..... And now please turn to page 100..... 


powered with Union engine in 1915— 
still in service. 


Ferry “Ramon” 


Below: Five horsepower locomotive with Union engine 
used on Santa Barbara, Calif. water tunnel. 
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him to continue his experiments. During the 
first World War, this development work was 


stopped, but he continued his studies. 


In the fall of 1918, Cummins learned of the Brons 
engine which had been developed in Holland. 
This was a tour cycle engine with a cup in the 
combustion chamber. During the suction stroke 
of the engine, the proper quantity of fuel was 
metered and delivered into the cup. Under the 
circumstances, this operation was performed under 
low fuel pressures. This cup was in communica- 
tion with the main combustion chamber through 
one or usually more small holes. During the com- 
pression stroke, the fuel was heated and vapor- 
ized. At or near top center, the fuel ignited and 
the partial combustion in the cup blew the fuel 
charge out into the main chamber where most of 
the combustion occurred. It was an attempt to 
duplicate the action of the injector air in the 
usual diesel engine of that time. More important, 
this device was most suitable for small cylinder 
engines and manufacturing facilities were avail- 
able to make a suitable fuel pump. 


This same device was available in this country 
under the name and patents of Hvid; Hvid and 
Brons having applied for patents for the same 
idea at about the same time. Since this device 
provided a means of using a less expensive fuel 
than gasoline, it naturally appealed to Cummins, 
who found that a license to use the Hvid patent 
could be obtained. Cummins sold his ideas to 
W. G. Irwin, a local banker, who was willing to 
finance Cummins in his venture. So in February, 
1919, a Hvid license was acquired, and the Cum- 
mins Engine Company was organized and _in- 


corporated. 


In April, 1919, the first engine was finished. It 
was a single cylinder, horizontal, hopper cooled 
affair, 5 in. bore by 7 in. stroke and at 600 rpm. 
developed 6 hp. The speed of 600 rpm. was 
chosen because at that time some of the leading 
authorities in Germany thought that this was the 
maximum speed for injection and combustion of 
fuel oil. 


The engine proved to be fairly satisfactory except 
that it needed kerosene or a carefully selected fuel 
oil. Also it ran best at a fixed load and speed. 
However it was thought satisfactory to market it 
and several hundred were built and sold; many of 
them in India, South America and Australia as 
well as in this country. There was soon a demand 
for smaller engines, so a 114 hp. and a 3 hp. were 
designed and built. ‘The 114 hp. had a cylinder 
3 in. by 4% in. and the 3 hp. had a 3% in. by 
5 in. cylinder, both ran at 900 rpm. 


Before the end of 1919, Cummins signed a con- 
tract with Sears, Roebuck & Company to build 
4500 of these three sizes of engines for them to 
sell through their regular channels. 
designing of the engines was done to suit Sears. 
In due course, quantity production of these en- 
gines was underway. At one time, 12 to 15 
engines a day were being produced. However, 
under Sears rigid guarantee of complete satisfac- 
tion or money back, many engines came back. 


Some re- 


All told, about 3000 engines were built and de 


livered to Sears, but in 1922 the contract’ was 
terminated. While this venture was disastrous for 
the Cummins Engine Company, much was learned 
and the way was shown to better engineering and 


manufacturing methods. 


Lhe Hvid license was cancelled and it was decided 
to wait and fully develop the next engine before 


attempting to market it. 


TRANSITION 

The year 1920 approximates the date of one of 
the transition periods in the history of the diesel 
engine. The first World War and its immediate 
readjustments were over. ‘he diesel had proven 
itself in submarine work especially and the world’s 
navies recognized it as a desirable source of power, 
but limited by the sort of engines then available. 
The diesel was away to gain increased radius of 
action but more powertul and lighter weight en 
gines were needed. 


In marine service, the diesel was accepted in all 
sizes of vessels including ocean going ships, and 
it was beginning to take hold in earnest in this 


country. 


In stationary service in this country, it was tally 
accepted. The pipe liners had made much use ol 
the oil engine first and then the diesel. “They had 
been early buyers in quantities and their require- 
ments had been influential in determining many 
characteristics and details of engine designs. Above 
all they needed reliability of operation and an 
insensitiveness to the kind of fuel used. The 
most convenient fuel for a pipe line engine was 
the fuel that was being pumped through the lines. 
And of course they wanted economy of operation. 
The early growth of the automobile industry had 
brought an ever increasing demand tor gasoline 
and this had brought in turn the rapid growth of 
the petroleum industry and more pipe lines. 


‘The general growth of the midwest and the south- 
west created a demand for power. The naturally 
available fuel was liquid petroleum oil and thus 
the oil engine and the diesel engine fitted easily 
into the picture. Such engines found a ready 
market for driving electric generators and for 


pumping water. 


On the Pacific Coast, gasoline and distillate had 
just about disappeared and the dieset was the 
answer. Even the fishermen on the Atlantic Coast 
had begun to install diesels where sail alone had 
been good enough before. 


Many engine manufacturers had acquired several 
years experience in building oil and diesel engines 
and were gaining confidence. The horizontal en- 
gine was beginning to retire into the background. 
And the design of vertical engines was beginning 
to have fewer variations with a tendency to step 
up the speed of them. 


Many operators liked the simplicity of the two 
cycle semi-diesel engine but it needed a good 
grade of fuel and frequent cleaning in many cases. 
Hence the diesel was chosen by the purchaser in 


spite of its higher first cost and extra attendance 


requirements. 


And there was an increasing inclination among 
the engineers to get rid of the air compressor. By 


this time, an extra criticism was being levied | 


against it, that it required extra power to drive 
the compressor and this loss raised the fuel con. 
sumption of the engine. Of course the air com. 
pressor was entirely out of place on engines with 


small cylinders, and such engines were on the 


horizon. 


Perhaps one of the most unportant developments 
of all was that engine builders and users were 
beginning to try diesels on new and different 
kinds of applications and uses. The cumulative 
effect was a demand for more diesel engines and 
a stimulant for more development work. 


LARGE DIESEL ENGINES 


‘Yhe Merchant Marine Act of 1920 authorized the 
U. S. Shipping Board to expend up to a total 
of $25,000,000 for converting steamships owned 
by the Board to diesel motorships. The success ol 
European motorships had been seen and the Board 
had become convinced after an investigation of 
them that this country should follow in those 
steps. Admiral W. S$. Benson of the Navy was 
placed in charge of this program and another 
Navy officer, Commander S. M. Robinson, became 
a member of the advisory committee. 


This of course immediately stimulated much inter 
est in large diesel engines among the diesel engine 
builders of this country. The call was for engines 
to be direct connected to slow turning propellors 
and this meant large slow turning diesel engines 
‘To design, develop and build these large engines 
required several years, so all during the early and 
mid 1920s this program was carried on. 


Parallel with it, there were a few new motorships 
built with diesel engines. Cramps had a license 
from Burmeister and Wain. New York Shipbuild- 
ing Company had a license from Werkspoor in 
Holland. Bethlehem developed and built engines 
of its own design. None of these companies had 
attempted diesel engines previously and the excur 
sion into such activities was a brief one. 


The regular diesel manufacturers such as Busch: 
Sulzer, Mcintosh and Seymour, and Worthington 
took advantage of the opportunity and continued 
their efforts afterward. Such engines could be and 
in many cases were later used for stationary service. 


Various types of engines were built. There were 
single acting two and four cycle, and double act- 
ing two and four cycle types. This program gave 
a good proving ground for large diesel develop 
ment as it was intended to do, as well as to pro- 
vide this country with some shipping tonnage that 
could be more economically operated than the 
prevailing steamships. Except for the few engines 
built under foreign license, all of these new diese! 
engines were the products of entirely U. S. designs 


Indicative of the thinking of that time and the 
extent of the engineering advances made, it is 


worthy of note that the two-cycle engines built 
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Modern supercharged Diesel for 
direct- reversing marine service. 


OR over a century Cooper-Bessemer has 

helped meet America’s power needs. 
The record goes back to early blowing 
engines for blast furnaces . . . to steam- 
powered farm tractors . . . to the first steam 
locomotives built west of the Alleghenies 
to the famous Corliss engines .. . 
and so on into the early history of America’s 
Diesel Engine Industry. Yes, for 115 years 
Cooper-Bessemer has been contributing to 
this country’s unparalleled progress in 
power, for 34 years as a builder of Diesels 
at their finest. 


If experience in engine-building is important. 
as it surely must be, then that partly explains 


New York City 
San Francisco, Calif. Houston, Dallas, G 
Seattle, Wash. Tulsa, Okla. Shreveport, la. St. Lovis, Mo. los. Angeles, Calif. 
Coratas, Venezuela Gloucester, Mass. Calmes Engineering Co., New Orleans, La. 


Bradford, Pa. Parkersburg, W. Va. 
Pampa and Odessa, Texas 


why Cooper-Bessemer is a favored name 
wherever power requirements are rugged. 
It helps explain why you can keep on look- 
ing to modern Cooper-Bessemer Diesels for 
efficient. dependable power at ever lower 
cost. For, here at Cooper-Bessemer, Diesel 
development is a long-time habit. We pledge 
our continued effort towards making the 
Diesel an even better engine than it is today 
on this its golden anniversary. 


The 
Cooper- Bessemer 


Corporation 


MOUNT VERNON, OHIO — GROVE CITY, PENNA, 
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had port scavenging. In Europe, valves in the 
cylinder head for scavenging as had been used for 
the early Carels and MAN engines had already 
been abandoned by 1914 because no way could 
be found to keep the complicated cylinder head 
castings from cracking in service. On large en- 
gines, 20 in. cylinder diameter and upwards, the 
heat conditions were too severe to permit of a 
satisfactory solution. The engine builders of this 
country followed suit. 


The Worthington double acting diesel develop- 
ment was also noteworthy. Before this company 
undertook the development of its two cycle double 
acting engine, a very careful analysis was made 
of the possible types of engines to best meet the 
requirements. The single acting four cycle engines 
already built by that company and others showed 
that they became heavy for their power in the 
largest sizes. After a study of several types built 
in England and on the Continent in an attempt to 
do the same thing, that is to pack the most power 
into the smallest space and weight and yet meet 
all of the other requirements of reliability of 
operation and low maintenance costs, the special 
design of double acting two cycle engine chosen 
was the result. 


All of these large engines were of the air injection 
type. In the smaller engines of that time, many 
serious attempts were being made to get rid of 


the air compressor and these efforts are worth 
considering. 


COMBUSTION CHAMBERS 


Many forms of combustion chambers were tried 
to gain the advantages of the air injection diesel 
and retain the simplicity of the pump injection 
hot surface ignition engine. Some of these cham- 
bers relied upon the turbulence of the air at the 
time of fuel injection and combustion for mixing 
the fuel and air for achieving complete combus- 
tion. Others depended upon partial combustion 
of the fuel in a separate cup or chamber, and this 
preliminary combustion blasted the remainder 
into the cylinder where the combustion was con- 
cluded. Several of these combustion chambers in 
vogue at the time are shown here and they were 
the forerunners of some of the combustion cham 
bers used at a later date, yes even today on the 
smaller cylinders. Even though over the years 
they all did not prove satisfactory, they were im- 
portant steps into the development of combustion 
chambers with cold walls that would provide cold 
starting compression ignition engines with pump 
injection of fuel—the diesel of today. 


N. A, C. A. RESEARCH 


At about this time, the National Advisory Com- 
mittee for Aeronautics decided to explore the 
possibilities of the application of the diesel prin- 
ciples to an airplane engine. They started the 
experimental work at Langley Field, Virginia, with 
a single cylinder engine such as used on _ the 
Liberty engine during the first World War. Pump 
injection of fuel was employed and various types 
of combustion chambers used. The early work 
quickly showed that fundamental research work 
was necessary. Suitable equipment was developed 


and the research work that followed gave some 
of the basic fundamentals for an understanding 
of the use of pump injection of fuel that was to 
come into everyday use many years later. 


A satisfactory combustion chamber was developed 
in time and good power performance. By 1927 
this experimental cylinder was operating up to 
speeds of 2400 rpm. with satisfactory performance. 
Brake mean effective pressures of 110 Ibs. per sq. 
in. were being obtained without excess of air, and 
without supercharging. 


Chis laboratory was the first to develop shigh 
speed fuel spray photography. By 1924 they were 
taking pictures at the rate of several thousand 
frames a minute by means of the discharge from 
an electrical condenser. 


But the purpose of this laboratory was purely 
research and the commercial results showed in 
better understanding of fuel injection and com- 
bustion rather than in actual engines. In this 
country it was the first effort at research applied 
to diesel engines. 


VENN-SEVERIN 


It was about 1920 when this company abandoned 
its first type of combustion chamber and developed 
the two stage combustion with fully water cooled 
cylinder head and combustion chamber which it 
uses now. Ignition is from compression only, but 
an electrically, heated coil provides extra heat for 
starting and gives the first ignitions. 


INGERSOLL-RAND 
The Ingersoll-Rand Company has been actively 
and continuously engaged in the manufacture of 
equipment for drilling rock for seventy-seven years 
and in the production of the compressors required 
to operate rock drills for almost as long. Simon 
Ingersoll brought out his first tripod mounted drill 
in 1871 and it was only natural that shortly after 


Ingersoll-Rand tandem oil engine and air compressor with single acting engi 


that the company should enter the field of air 
compressor manufacturing. 


In its efforts to furnish equipment which would 
drill more feet of hole not only in less time but 
at a lower unit cost, it early investigated the pos. 
sibilities of the diesel engine as a means of driv. 
ing air compressors. The complications of the air 
injection full diesel engine made this type un. 
suitable for mining and contracting service. As no 
successful system of mechanical fuel injection was 
available, the company was forced to use an engine 
of the semi-diesel type which at the time offered 
the best compromise solution to the problem. 


The first direct-connected oil engine driven air 
compressor was produced in 1914. Reference to 
the illustration shows that the unit was of the 
horizontal type with single-acting power cylinder 
and double-acting air cylinder mounted on the 
same rod. The first such engine driven air com- 
pressor was 9 in. and 7 in. x 8 in. and was sold 
to Tippit and Wood in May of 1914. 


While the weak points of the semi-diesel princi. 
ples were recognized, the demands placed upon 
the engineering staff of the company by our Allies 
and later our own Armed Services in World War 
I, made it impossible to give any thought to im- 
provement of the original design until 1919. The 
air injection, full diesel engine still dominated 
the field, but Ingersoll-Rand engineers still feli 
that this type was too complicated for the average 
operator encountered in the mining, quarrying 
contracting and even industrial fields. They were 
convinced that only an engine combining the 
simplicity of mechanical fuel injection with diesel 
economies would meet the requirements. 


A number of specialists in thermo-dynamics were 
contacted but while these were well versed in the 
theory, none was able to offer any practical solu- 
tion to the problem. At this time, the compan) 
heard of the development work in combustion 
being carried on by William T. Price, a Canadian 


and 


acting air cylinder. Note blow torch for starting engine—vintage 1914, first of its type. 
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One of the first Ingersoll-Rand vertical stationary engines 
use Price system of fuel injection—1!920. 


born, Cornell-educated engineer, who while in his 
early thirties had had much practical experience 
in the building of diesel engines. Mr. Price joined 
the staff of the Ingersoll-Rand Company in 1919, 
and in December of that year, the first engine 
driven compressor unit embodying the Price Sys- 
tem of Mechanical Fuel Injection was completed. 


It is difficult to over-emphasize the importance ol 
the Price System of Fuel Injection in the develop- 
ment of the diesel engine. It was the first system 
to recognize and make use of turbulence in effect- 
ing complete combustion of the fuel with mechani- 
cal injection. 


In October, 1920, the first vertical stationary en- 
gines utilizing the Price System for pipe line 
pumping service were sold to the Humble Pipe 
Line Company, and in December of the same 
year, the first engine utilizing it for ferry service 
was sold to the Hudson-Athens Ferry Company 
which operated on the Hudson River between 


Hudson and Athens, New York. The latter was 


Upper right: Atlas Imperial, 3-cylinder, 50 hp. diesel 
engine of 1921. 


remarkable also in that it was one of the first 
direct-reversing engines in which the shaft was 
extended at both ends for connection to forward 
and after propellers. All Ingersoll Rand diesel 


engines have been of the four cycle type. 


FAIRBANKS-MORSE 


In order to answer the demand for a smaller 
vertical Type Y engine, in 1918 and 1919 there 
was developed a 3714 hp. cylinder to be built in 
one and two cylinder units. Injection was changed 
from side to center arrangement and a movable 
“spoon” was used to deflect the fuel to the hot 
tube for starting. After the engine was under 
way and load applied. the spoon was turned out 
of the injection stream. Two stage combustion 


was used, 


In 1920 and 1921, the Type CO engine produc- 
tion was moved to Beloit, and a six cylinder 300 
hp. Type Y engine was added to the line. This 
brought a heavy program of building engines and 


Fairbanks-Morse 4-cylinder Type CO marine engine—192!. 
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Below: Atlas-imperial diesel engine for Bucy- 
rus Company for dragline and shovel work. 
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in order to handle it a production assembly line 
was set up; an early example of mass production 


of engines to reduce costs. 


All sizes of the Type CO marine engines below 
150 hp. were fitted with marine reversing gears, 
while all of the larger sizes were made directly 
reversible. These engines were equipped with an 
air pump for the whistle and for starting air, and 
a generator for charging the electric storage bat- 
tery. An electrically heated starting coil was of- 
fered as optional equipment in place of the kero- 
sene burning starting torch. 


ATLAS IMPERIAL 
Feeling that there was a good market for really 
small diesel engines, the company in 1921 built 
a 50 hp. engine of three cylinders. This gave them 
then a range of sizes from 15 hp. upwards. This 
little 50 hp. three cylinder engirie was installed 
in a small tug belonging to the Oakland Launch 
& Tugboat Company. 
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These simple, rugged, solid injection diesel en- 
gines in small powers soon opened up new markets 
for the company. In 1921, Atlas Imperial built 
a three cylinder 814 in. by 101% in. engine of 55 
hp. for power shovel or drag line work. This was 
probably the first commercial diesel application 
of this sort and soon proved to be successful. More 
work was done at lower fuel cost, and the diesel 
had entered a new field. As the pictures show, 
this first installation was a bit crude according to 
present day standards, but all of the necessary 
elements were there and it accomplished its pur- 
poses. 


In the following year, 1922, there came the first 
diesel electric drive shovel installation. There was 
a three cylinder 814 in. by 12 in. engine of 65 hp. 
for this job. As the illustrations show, the electric 
generator was chain driven from the engine shaft. 


WORTHINGTON 


Worthington had been building a smaller semi- 
diesel engine at the Power and Mining Plant at 
Cudahy, Wisconsin, and by 1919 it became evident 
that this type of engine was out of date and no 
longer competitive. A study was made with a view 
to improving it but it was soon decided to develop 
an entire new line of engines. The reseaich and 
development work was started at the Buffalo plant 
and later transferred to the Blake and Knowles 
plant at East Cambridge. 


A line of engines resulted from this research and 
development ranging in size from a single cylinder 
104%, x 1014 rated 30 bhp. at 375 rpm. to a six 
cylinder 1514 x 16 rated 450 bhp. at 275 rpm. 
The outstanding characteristics of this engine were 
as follows: 


3 


Left: Closeup of the Atlas 55 hp. diesel showing fuel 
injection system and valve gear. 


It was vertical, two-cycle, solid injection, cold 
starting, high compression diesel engine. It was 
a crosshead type and the scavenging air was sup- 
plied by the underside of the power piston work- 
ing in a closed chamber at the lower end of the 
power cylinder. The power cylinder was entirely 
separated from the crankcase so that there was no 
contamination of the crankcase lubricating oil by 
foul cylinder oil. 


It was free from hot plates, hot bulbs or other 
ignition devices and ignition was obtained by 
compression alone. Combustion was controlled by 
a special form of combustion chamber developed 
by Worthington. ‘The fuel was injected into an 
injection chamber, called a precombustion cham- 
ber, where it only partially burned due to the 
limited amount of combustion air in this cham- 
ber. Combustion was completed in the main com- 
bustion chamber as the partially burned products 
expanded from the precombustion chamber. 


This system of combustion prevented detonation 
and the high cylinder pressures resulting there- 
from. Combustion took place at practically con- 
stant pressure and not explosively as in the case 
of the hot bulb or surface ignition engine. 


In addition to engines for stationary service, sev- 
eral sizes of direct reversing marine engines were 
built. 


The first commercial engine of this type was com- 
pleted at the Blake and Knowles Works, shipped 
July 13, 1921, and installed in the Water Works 
of the City of Westlaco, Texas. It was a 40 hp. 
single cylinder 1214 in. x 1314 in. operating at 325 
rpm. It drove a Worthington “Deane” horizontal 
duplex pump through a belt drive. In 1926 a 
smaller unit was added to this line. This was a 
7% in. bore x 10 in. stroke trunk piston type with 
a reciprocating scavenging pump. It operated at 


Longitudinal section of Worthington two-cycle, solid in. 
jection diesel, showing piston cooling system. 


400 to 500 rpm. It was built in three and four 
cylinder combinations and was rated 16-2/3 bhp. 
per cylinder at 400 rpm. and 20 bhp. per cylinder 
at 500 rpm. 


In 1926 and 1927 a number of special units were 
built with air injection. These were for auxiliary 
engines on ship board and were supplied to the 
U. S. Shipping Board. ‘They were direct connected 
to generators supplying the electric service for the 
ship and the injection air for the main propelling 
unit in case of emergency. 


In addition to the above, a few of these vertical, 
two-cycle, crosshead type engines were equipped 
with an open combustion chamber and direct in- 
jection of the fuel. In 1927 the Blake and Knowles 
Works for the corporation was closed and the 
diesel engine work was transferred to the Buffalo 
Works and combined with the other internal com- 
bustion engine activities. Worthington continued 
to build this type engine until 1932 when it was 
replaced by a more modern line of vertical four- 
cycle direct injection engine. 


WAUKESHA 


Following the first World War, the company de- 
veloped new engines to supply new market outlets 
such as logging and oil well drilling. These users 
were changing over from steam equipment. 


When in 1920, the cracking method of distillation 
became widely used by the oil refiners, fuel re- 
search became an important problem because the 
gasoline engines of that day could not easily 
handle the new fuels. Waukesha had always placed 
emphasis on the importance of knowing why and 
making laboratory investigations, so they quickly 
plunged into this new problem, and quickly came 
up with some of the answers. By 1921, a full 
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In this section is seen the scavenging air piston in the 
Worthington 2-cycle diesel. 


fledged program of combustion chamber design 
study and fuel research was underway. 


This program soon produced results for in 1924 
there was introduced the Waukesha-Ricardo cylin- 
der head which promoted controlled turbulence 
and suppressed knock and detonation in gasoline 
engines. 


BUSCH SULZER 


At the close of World War I, Busch-Sulzer resumed 
the building of the type “B” engine, but a demand 
for larger engines was unfolding and so a new 
line of two stroke cycle engines was added, bearing 
the designation Type “C.” This engine was manu- 
factured from 1918 through the early 1930's and 
This 
engine shown in the accompanying ilustration was 


was again patterned after Sulzer designs. 


two-stroke cycle, single acting, air injection and 
of the crosshead type. The bedplate, crankcase and 
cylinder jackets were individual castings, the pis- 
tons were water cooled through sliding tubes, and 
a double acting, reciprocating scavenging pump 
and three-stage air compressor were built integral 
with and direct driven from the engine crankshaft. 
This engine introduced the patented Sulzer double 
ported method of two cycle cylinder scavenging. 
It was built in the following sizes: 


Bore No. of 
and Stroke Cyl- 
Type Inches Cycle inders Rpm. Bhp. 
4-C-17 17 x 27 2 4 180 750 
6-C-17 17 x 27 2 6 180 1125 
8-C-17 17 x 27 2 8 180 1500 


The Navy Department entered the market again 
in 1920, having developed !arger submarines, and 
awarded Busch-Sulzer a contract for a number of 
additional engines of the non-reversing, two stroke 
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A Worthington 6-cylinder, single acting, 2-cycle diesel. 


cycle air injection type having the following char- 
acteristics: 


Bore No. of 

and Stroke Cyl- 
Type Inches Cycle inders Rpm. Bhp. 
6-M-375 2154x215 2 6 310 2250 


A picture of this large submarine engine is shown 
on the next page. 


Right: Control end of Worthington, 2-cycle, direct re- 
versible .narine diesel engine. 


Worthington, 50 hp., 2-cycle stationary diesel-generator 
set. 


= 
= T 
=. 
} 

i} 
4 
Fai, 
{ 
| 

(108 


Six-cylinder, 2250 hp. Busch-Sulzer submarine engine. 


Busch-Sulzer five-cylinder diesel with air injection compressor seen at left end. 


104 


Busch-Sulzer 2-cycle engine. 


During the time that the 6-M-375 submarine en- 


gine was being built, another smail two stroke 
cycle commercial engine was completed. One ex 
perimental engine was built and tested but none 
were offered for sale. Some of the principal dimen 


sions and characteristics are given here: 


Bore No. of 
and Stroke Cyl- 
‘Type Inches Cycle inders Rpm. Bhp 
2-D-11 11x 16 2 2 277 130 


In the early 1920's competition in the diesel engine 
industry had reached substantial proportions and 
it was realized that the Type “B” engine was too 
expensive a design to enable the company to ob- 
tain its share of the available business. Therefore 
an extensive inspection trip was undertaken by 
Messrs. Hawks and Pfeffer, Chief Engineer and 
Works Manager, respectively, for the purpose o/ 
studying competitive engines. The trip covered 
sections of Kansas and Oklahoma where many oil 
pipe line and municipal lighting plants were 
visited. As a culmination of this trip the typ¢ 
“B” engine was redesigned, taking the 4-B-90 size 
and greatly simplified in its construction. Also 
two inches were added to its stroke and it was 
offered as a “B-100" engine in accordance with 
the following specifications: 


Transverse section through cylinder and piston of Type C 


Bore No. of 
and Stroke Cyl- 
‘Type Inches Cycle inders Rpm. Bhp 
3-B-100 1614 x 23 4 3 225 300 
1-B-100 x 23 4 225 105 
5-B-100 1514 x 23 4 5 225 500 
6-B-100 1614 x 23 1 6 225 600 


This engine as shown here struck a respondent 
chord in the trade because it was promptly ac 
cepted, was purchased in quantities up to twelve 
engines at one time and appeared to be partic 
larly well suited for crude oil pipe line work 
It was a reliable four stroke cycle diesel engint 
and its success was so pronounced that custome! 
still continue to buy it. A fairly recent purchas 
being that of the Portland Pipe Line Co., (S.O. # 
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A 3000 hp. Busch-Sulzer engine built for U.S. Shipping Board. 


New Jersey subsidiary) that bought two 600 hp. 


units in 1944. 


The company’s next development was of major 
proportions and entailed the design of large en- 
gines for the United States Shipping Board (Emer- 
gency Fleet Corporation) in 1924 and 1925, when 
the largest engines ever built by Busch-Sulzer were 
evolved. These were direct drive, reversing marine 
engines as shown and had the following dimen- 
sions and engineering characteristics: 


Bore No. of 
and Stroke Cyl- 
Type Inches Cycle inders Rpm. Bhp. 
6-CM-30 =330 x 52 2 6 90 3000 


These engines were of the crosshead type with 
double acting tandem scavenging pump and three- 
stage air compressor built integral with the engine 
and direct driven from the main shaft. Both 
scavenging pump and air compressor were also 
of crosshead construction and the engine proper 
was arranged for direct connection to the pro- 
peller shaft for single screw drive. Motorships us- 
ing these engines are known by the following 
names: M/S “City of Rayville,” M/S “Sawolka,” 
M/S “Yomachichi,” M/S “City of Dalhart.” 


Right: Transverse section of Worthington 22!/2"x22'/2” 
engine. 


Three cylinder engine—generator set same as seen in 
section above. 


Type E Busch-Sulzer engine dire.t-connected to generator. 


- Yj 


Four 1125 hp. Busch-Sulzer diesels powered the “New 
Jersey", largest diesel dredge in the world in \1927. 


The Motorship “City of Rayville” was destroyed 
and sunk by striking a mine off the coast of Aus- 
tralia on November 8, 1940. This was the first 
American cargo vessel lost during World War II. 


Simultaneously with the development of the 6-CM- 
30x52 was that of the 4-CM-30x42, two of these 
being built for the Standard Oil Co., of New 
Jersey, for the Motorship “E. T. Bedford.” Design 
features were identical to those of the 30x52 
engine. 


In 1926 the company introduced another two 
stroke cycle engine of trunk piston design and of 
smaller proportion, of higher speed than the Type 
“C” and of considerably lower cost. This was des- 
ignated the Type “E” and bore the following 
dimensions and engineering characteristics. Two 
engines were designed with slight modifications as 
indicated, the six cylinder unit being introduced 
after the eight. 


Bore No. of 

and Stroke Cyl- 
Type Inches Cycle inders Rpm. Bhp. 
8-E-18 1434x 18 2 8 300 1000 
6-E-18 1434x 18 2 6 277 800 
6-F-21 1434 x 21 2 6 257 900 


An engine of this design direct connected to a 
generator is shown. A number were sold for driv- 
ing pipe line pumps, for dredges, for marine pro- 
pulsion and for electric light plant service. 
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WORTHINGTON 


In 1921 it was apparent that for stationary service 
the day of the heavy slow speed horizontal engine 
was past and it was decided to develop a line of 
vertical four-cycle engines. The first vertical en- 
gine was four-cycle, air injection 2214 in. bore x 
2214 in. stroke and it was rated 18714 bhp. at 225 
rpm. It was built in cylinder combination from 
3 to 6 cylinders with ratings from 562 bhp. to 1125 
bhp. The cylinders were equipped with remov- 
able liners. An outstanding feature of this engine 
was the “guided piston” construction. The power 
piston had an extended skirt of slightly smaller 
diameter than the piston itself which fitted into 
a guide ring carried by the main frame. The 
guide ring was fitted with oil scraper ringing. This 
construction prevented contamination of the 
crankcase oil by the cylinder lubricating oil, pre- 
vented loss of crankcase oil to the cylinders, and 
acted as a guide to the piston. 


The base and frame were cast in one piece and 
the main running gear totally enclosed and force 
feed lubricated. 


The first unit was a 3 cylinder 562 bhp. which 
was sold to the City of Horton, Kansas, for their 
municipal electric plant. This engine went into 
service and soon established what was a record 
at that time of running 201 days continuously 
without a shut down. 


In 1923, following closely the development at the 
Buffalo Works of the 2214 in. x 2214 in., was a 
17 in. x 25 in. vertical four-cycle air injection 
engine. This was rated at 100 bhp. per cylinder 
at 200 rpm. This engine was very similar to the 
2214 in. 


abandoned as too expensive. 


x 221% in. but the guided piston was 


The first 17 in. x 25 in, engine was installed in 
the electrically driven dredge ‘“Sandmaster” in 
1924. In 1942 the owner of this vessel reported 
that the engine room log showed 120,000 operating 
hours for this installation. This was equal to 
almost 14 years of continuous operation at 24 
hours a day and with the original cast iron pistons 
and liners. In this period each piston had _ tra- 
velled on its liner a distance of 1,140,000 miles 
or over 45 times the distance around the world. 
An inspection in 1942 showed that the replace- 
ment of the pistons and liners was still not neces- 
sary. The dredge was sent to British Guiana for 
service during the war, and at the end of the war 
was purchased by Brazil. So far as is known, the 
original liners and pistons are still running. 


ELECTRO-MOTIVE 


As has already been mentioned, gas electric rail- 


way cars were pioneercd by the General Electric 
Company. Between 1906 and 1914, eighty-eight 
of them were placed in service on the branch 
lines of railroads in an effort to find low cost 
operation for passengers where the traffic was 
sparse. However, the railroads did not find in 
them the answer they sought. 


The McKeen motor car with a mechanical trans- 
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mission between the engine and the truck axles Liles 


was designed by the chief mechanical officer of oe 
the Union Pacific and was used in substantial 
That was not 


numbers on the Harriman lines. 


the answer. 


In the meantime, H. L. Hamilton had gotten into 
the motor truck business. By 1916 he was district 
manager for White trucks in Minneapolis. One 
day, to help a customer, Hamilton arranged for 
flanged wheels on a truck so that it could run on 
railway tracks. Although this example was fol- 
lowed by other branches of the White company, 
Hamilton did not believe that it could be satis- 
factory in the long run. He felt that the trans- 
mission must be cushioned from the shocks of 


the wheels and axles as they ran along the rails. 


By 1920, Hamilton was in the Denver district and 
the railroads .were insistent that he sell them 


trucks for adaptation to branch line rail opera- 
tion. He decided that it was time to study the 


situation sériously, so he made a careful survey, 


talking with railroad men to find what they wanted 


Transverse section of Worthington 17” x 25”, 4-cycle 
engine. 


An early pipe line installation for Petroleum Securities Co.—two 300 hp. Worthington, 4-cycle diesels. 


One of ten Worthington diesels in a California pumping station. 
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but they were making good and cutting the cost 
ot train operation per mile to one half or om 
third of that of the steam train. 


Hamilton tried to convince the railroads of the 
benefits of buying a standardized product; not a 
special design for every individual railroad. He 
also introduced unit exchange of parts that needed 
repair and handled through his own 
Both of these practices have become 
commonly accepted since. 


them 
branches. 


SPERRY 
In the early 1920s, Elmer Sperry of the Sperry 
Gyroscope Company had some ideas about com- 
pound diesel engines and spent some five or six 


First Sperry experimental engine with skeleton framing and 


open crankcase. 


Spurge dirigible engine, rated 110 hp. at 
1200 rpm. 


A small Sperry marine engine 
with reverse gear. 


and with manufacturers of engines and electrical 
machinery to find what was available. From the 
survey came tentative specifications for a motor 
rail car. 


The car was to be lighter in weight than exist- 
It would have swivel trucks. 
It would have a gasoline engine for power with 


ing railway cars. 


electric transmission. The electrical controls must 
be simple to operate. 


All this took time, but the more Hamilton inves- 
tigated the more convinced he became that there 
was a good market for the right product. He 
tackled the electrical controls and equipment first. 
General Electric was willing to develop a new 
generator with the desired characteristics, and 
Herman Lemp of the Erie Works of that company, 
who had helped design the earlier gas electric 
cars, undertook the design and development of 
the controls. The gasoline engine was not so easy 
and a standard engine had to be accepted. 


The project was underway and it was time to 
form a company. On August 31, 1922, the Electro- 
Motive Engineering Corporation was duly incor- 
porated. The original intent was to design only 
and have the product manufactured for them. 
Later when the company found it evoked com- 
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ment, the word Engineering was dropped from 
the name. 


The first rail car was designed by the St. Louis 
Car Company. So in early 1923 Lemp reported 
that he had tried the new electrical controls on 
a switcher and they were satisfactory, Hamilton 
felt that he was ready to go ahead. But just then 
the gasoline engine proved unsatisfactory and a 
new source had to be found which proved to be 
the Winton Engine Company. 


In the summer of 1923, Hamilton obtained orders 
for one car each from the Chicago and Great West- 
ern railway and from the Northern Pacific Rail- 
way, solely on the basis of plans and performance 
calculations. In August 1924, these first two cars 
had their trial runs in service and performed 
better than expected. 


Right then, Hamilton set up the beginnings of 
his service organization. His plan was to keep 
the cars running, to try to anticipate service needs. 
Much emphasis has been placed on this phase. 


By the time the company was a year old, they 
had sold 27 cars to a dozen different railroads. 
These cars were getting a thorough trying out 
under various and frequently severe conditions, 


years and considerable money in pursuing experi- 
A total 
of seven engines were built, but nothing com- 


mental work with engines of this sort. 


mercial came of the venture, although a lot of 
successful basic developmental work was done. 


All of the engines consisted of two high pressure 
cylinders and one low pressure cylinder. The 
high pressure cylinders exhausted alternately into 
the low pressure cylinder. The smallest engine 
built had 4 in. high pressure cylinders, and the 
largest had 10 in. high pressure cylinders with 
24 in. low pressure bores. One engine was built 
for use in a Navy dirigible. It had high pressure 
cylinders of about 5 in. and a 121% in. low pres- 
sure cylinder, with a 7 in. stroke and operated at 
1200 rpm. It passed its Navy acceptance tests but 
was never used in actual service. Several illustra- 
tions of these engines are shown here and give 
an idea of their appearance and construction, 
Considerable emphasis was placed upon light 
weight in their design. 


In order fully to utilize the compound cycle and 
make the low pressure cylinder carry its share of 
the engine load, supercharging was employed. 
Pressures as h.gh as 35 to 50 Ibs. gauge were used. 
Fuel injection was of the common rail type. 
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Above: Transverse section and forward end 


the Worthington marine diesel. 


elevation of 


Below: Transverse section of Worthington, 


double-acting diesel. 


a= 


2-cycle, 


This development work was important because 
it was an early attempt to build diesel engines 
of small bore running at high rotative speeds to 
give light weights, good economy and high power 


output for the size, 


CLEVELAND DIESEL 


The 1920s for this company’s predecessor were a 
period of commercial application and expansion 
in the use of their line of diesels. In 1921 there 
was the first Winton diesel installation in a U. S. 
Government vessel. In 1922 there were additional 
diesel electric drive installations in yachts, and 
there were many more to follow in later years 
In 1923 came an installation in a U. S. Engineers 


vessel . 


In 1924 there was the start of the diesel electric 
drive applications to harbor tugs. The Pennsyl- 
vania Railroad tug “Detroit” had been powered 
earlier by a direct drive diesel. That year it was 
repowered by two Model 121 six cylinder engines 
each developing 375 hp. at 260 rpm. and direct 
connected to 235 kw. generators. Also there was 
the 100 foot river towboat “J. B. Battle” built for 
the Army Engineers with two Model 59A six 
cylinder engines each developing 150 bhp. at 450 
rpm. and direct connected to 90 kw. generators. 
This was the first electric drive in a river towboat. 
In 1925 Winton installed its first diesels in Coast 
Guard vessels. In 1926 there was the first fireboat, 
the “Port Houston,” and more riverboats, more 
tugs, and a ferry boat. the “Poughkeepsie.” The 
“Port Houston” had two 550 hp. engines at 425 
rpm. The “Poughkeepsie had two 225 hp. engines 
at 350 rpm. Most of these installations were elec- 


tric drive. 


WORTHINGTON 

By 1918 the marine Diesel propelling engine for 
large merchant vessels had established itself in 
foreign fields but very little had been done in 
the United States. Worthington, who had long 
been prominent in the marine field as a builder 
of marine pumps, condensers, and other marine 
auxiliaries, became interested in this development 
and in 1918 started the development at the Buffa- 
lo Works, of a marine diesel large enough for 
merchant ship propulsion. 


This engine was completed in 1920 and was sub- 
jected to rigorous shop tests and was demonstrated 
to many interested ship operators. 


This engine was a four-cycle, six cylinder engine, 
29 in. bore x 46 in. stroke and developed its rated 
output of 2400 ihp. (1760 shaft hp.) at 120 rpm. 
Its weight was 33914 long tons or about 430 Ib. 
per shaft hp. 


Although the performance of this engine was 
quite satisfactory, it was never sold on account of 
the widespread depression in shipping at that 
time. The design was later abandoned in favor 
of the two-cycle double acting type. 


In 1921 development work at the Buffalo Works 
was started on a two-cycle double acting engine. 
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The first experimental engine was a_ horizontal 
14 in. bore and 19 in. stroke and it developed 
about 150 bhp. at 150 rpm. From the information 
de\ eloped by the experimental unit a vertical ma- 
rine engine was laid out and a single cylinder 
full size experimental engine was built. 


This engine was completed in the summer of 1924 
and after a series of preliminary tests was sub- 
jected to a 30-day continuous full load test under 
the supervision of the U. S. Shipping Board. The 
test began on September 25, 1924, and was ended 
October 25, 1925. As a result of this test the U. S. 
Shipping Board ordered two four-cylinder engines 
tor a conversion program that had been author- 
ized by Congress to promote the development of 
large Diesels suitable for our merchant ships. 


These engines were four-cylinder, double acting, 
two-cycle type. The cylinder bore was 28 in., the 
stroke 40 in. and they were rated 2900 shaft hp. 


at 95 rpm. They were air injection and both the 
scavenging pump and the injection air compressor 
were driven by the engine. 


The first engine was subjected to a 30 day shop 
test at full rated load followed by maneuvering 
tests and tests at over-load and over-speed. These 
tests were completed on March 4, 1926 and the 
engine was then installed in the M.S. “Tampa.” 
The trial trip of the “Tampa” was held on No- 
vember 8, 1926, and the first all-American designed 
two-cycle double acting engine went into active 


service and the second engine on the M.S. “Uni- 


coi” followed soon after. 


Two cylinder sizes of this engine were built: a 
16 in. x 24 in. and the 28 in. x 40 in. These 
were the first two-cycle engines built in the United 
States with separately driven centrifugal scaveng- 
ing pumps. 


DE LA VERGNE 


By the early 1920s, this company realized that the 
use of horizontal engines was on the wane and that 
it would have to develop a line of vertical engines. 
The first model was known as the VG and de- 
veloped 65 bhp. per cylinder at 277 rpm. It was 
built from two to eight cylinders per unit. The 
first engine of this type was built and installed 
in 1922 in a woolen mill in Virginia. 


This model had cylinders 1414 in. by 18 in. and 


Below: The Motorship “Tampa”. 


Worthington double- 
acting, 2-cycle engine 
on test stand. Injection 
air compressor is seen 
at forward end, and 
scavenging pump in the 
middle. 


used the Price combustion chamber. The engine 
frame extended from the top of the base at crank- 
shaft level to the cylinder heads. The cylinder 
heads in one piece contained the combustion 
chamber and the valves for four cycle operation. 
The camshaft was half way up the side of the 
engine, was gear driven from the crankshaft, and 
was in a measure, enclosed by the cast iron covers 


Right: De La Vergne Model VG, 260 hp. diesel. 


in front. ‘The fuel injection pumps, injection 
nozzles and other details had been carried over 
from the horizontal engines. The pushrods for 
operating the intake and exhaust valves and the 
valve gear were in the open. Forced lubrication 
was used for the bearings inside the crankcase. 
The success of these engines led to the develop- 
ind now please turn to page 116... .. 
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PROOF FOR THE TECHNICALLY MINDED 


100s 
Here are typical performance curves vy 
for a Lanova-type Diesel. Note the 90 
high torque developed, the low fuel 3 E 
consumption at all speeds, she the 8 
high mean effective p it 5 = 
the fact that the peak combuttips pres- 
sures are low. \ = | 30034 
= 
260 
\ 
\\ FUEL CONSUMPTION 
ENGINE SPEED —R.PM 
\ 


\ 

This representative pressure indi- 
cator card shows the differences © 
in cylinder pressures in an ordinary 
Diesel (red) and a Lanova-type 
Diesel (black). Here is graphic 
proof of how the Lanova Combus- 
tion System smooths out the jarring 
hammerblows of peak combustion 
pressures and provides a smoother 
flow of power. 
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De La Vergne, six-cylinder, 1125 hp. "VB" diesel built 
for Lake Worth, Florida. 


ment of two larger sizes of cylinders. ‘The model 
VA had cylinders of 17 in. by 25 in. and was 
rated at 100 hp. per cylinder at 225 rpm. It was 
built up to eight cylinders per unit. The first 
engine of this model was a three cylinder unit 
built and installed in 1923. In this model, the 
frame stopped part way up the cylinders and the 
individual cylinders were bolted to the top of it. 
There were two camshafts, one for the air starting 
pilot valves and fuel injection pumps on the side 
of the engine, and the other for the intake and 
exhaust valves along the cylinder heads. 


One of the interesting features of these engines 
was the chain drive for the camshafts. A year or 
more previously, a silent chain drive had been 
tried on a power house engine, the first engine 
to have Price combustion chambers. It was a suc- 
cess and so a similar drive was adopted for the 
VA models. One chain drove the intermediate 
camshaft from the crankshaft; another chain drove 
the upper camshaft from this intermediate shaft. 
These were the first diesel engines ever to have 
used chain drive for camshafts. 


The other details of the VA models followed the 
VG and horizontal engines. They were heavy duty 
machines designed for pipe line, electric gener- 
ator «and general power drives where reliability 
and continuous operation were the most essential 
requirements. 


In 1924, there followed a still larger size of cylin- 
der, the model VB line which again was built up 
to eight cylinders per unit. The cylinders were 
21 in. by 30 in. originally but they were soon in- 
creased to 22 in. by 30 in. The rating was 187 
bhp. per cylinder at 180 rpm. The design followed 
the VA models except for the difference in size. 


By the late 1920s, all of the models of vertical 


116 


Transverse section through De La Verne "VA" diesel. 


Oil-electric locomotive powered with 


engine—1929. 


engines had been redesigned for higher speeds 
and higher outputs to keep them competitive. 
Like their predecessor horizontal engines, even’ the 
model VB 22 in. piston was of cast iron and un- 
cooled. It was probably the largest uncooled cast 
iron piston ever used in commercially produced 
ou engines. The Price combustion chamber gave 
these engines an ability to use any fuel and they 
had an excellent reputation for reliability and low 
cost operation in the heavy duty applications. 


In 1928, Cramp’s shipyard had been liquidated 
and the control of De La Vergne passed to Cramp- 
Morris Industrials. The De La Vergne company 
was moved to Philadelphia. 


INGERSOLL RAND 


In about 1919 the General Electric Company 
began experiments with diesel electric switching 
locomotives in the yards of their own plant at 
Erie, Pennsylvania. The work was under the guid- 
ance of two engineers Henry Chatain and Herman 
Lemp who had also been in charge of the gas 
electric rail cars that the company had been build- 
ing since 1905. General Electric had also built a 


Section showing chain drive for camshaft in the 


Ingersoll-Rand 


few diesel engines for a power plant in the Philip- 


pines. These diesels were of the solid injection 
type with plunger pumps that punched out small 
slugs of fuel from the reservoir in which they 
were submerged. Thus there was a background 
of experience for the undertaking. 


The company built successively three locomotives. 
The entire locomotive was built at the Erie plant 
including the diesel engines. So much progress 
was made with each successive locomotive that by 
1922, the third locomotive was considered a suc 
cess and it was decided it was time to push the 
idea of building commercial diesel electric loco- 
motives. The basic characteristics of locomotive 
chassis, electrical equipment and diesel engine had 
been fairly established. 


In 1923, the Ingersoll-Rand Company in company 
with the General Electric Company, started work 
on what was to be the first diesel-electric locomo- 
tives. The 300 hp. engine, with cylinders 10 in. 
by 12 in., supplied by the Ingersoll-Rand Cox- 
pany was revolutionary on account of its high 
rotative speed (600 rpm.), its high piston speed 
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First |-R engine for Panama Canal tug—!92!. 


Below: Section through I-R oil engine and compressor 
showing the Price Combustion chamber. 


(1200 ft. per min.) and its low weight per horse- 
power (50 pounds). The locomotive was com- 
pleted in 1924, and the excellence of the design 
is attested by the fact that more than one hundred 
and fifty were sold during the next few years. All 
of these are in active service today, although some 
are over twenty years old. 


Chis engine was unusual also in the fact that it 
was the first one making use of a single injection 
pump of the jerk type to serve all cylinders—the 
charge being directed to the proper cylinder by 
means of a rotating distributor. 


in June of 1924, the Atlantic Refining Company 
placed in service the Diesel-electric tugboat, the 
“Van Dyke I,” which was followed quickly by the 
“Van Dyke IL” and “III,” and after an interval 
of a few years by the “Van Dyke IV.” While 
diesel-electric drive had been applied successfully 
for marine propulsion in a trawler and also in 
yachting service, the “Van Dyke I” was the first 
tugboat used to dock steamers, etc., in which it was 
installed. The success of the application is indi- 
cated by the number of other tugboats patterned 
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after it: such as, “New York Central 34,” “Meito- 
wax,” “Chagres,” “Trinidad,” “Arraijan,” “Alha- 
juela,” “Scranton,” “Olean,” “Rochester,” “Cleve- 
land,” etc., all built within a few years and having 
Ingersoll-Rand engines with Price Mechanical Fuel 
Injection. 


Other diesel-electric installations with Ingersoll- 
Rand engines were the tankers “J. W. Van Dyke,” 
“Bessemer,” “Point Breeze,” “Brilliant”: the fer- 
ries “Golden Gate,” “Golden West,” “Golden 
Poppy,” etc. 


These installations are important because they 
furnished the experience which made possible the 
many marine diesel-electric installations which did 
yeoman service during World War II. 


The year 1924 was also important from the stand- 
point of diesel development in the United States 
in that it marked the first licensing of a foreign 
engine builder to build an American type of 
engine. In that year, the Ingersoll-Rand Company 
licensed Usines Carels Freres of Ghent, Belgium, 
to build engines of Ingersoll-Rand design using 


Ingersoll-Rand engine and G.E. generator installed at 
the Watch Tower Bible and Tract Society. 


the Price System of Mechanical Fuel Injection. 
This licensing arrangement demonstrates most 
convincingly the progress made in the United 
States in Diesel engine development in general 
and the outstanding features of the Price System 


in particular. 


The company applied the Price combustion sys- 
tem to its horizontal diesel driven compressor sets 
also, and one of these is shown in the sectional 


view here. 


In addition to the diesel electric drive jobs there 
were many installations of the directly reversible 
engines in tugs and other vessels. These engines 
followed the design of the earlier installation in 


the ferry boat Athens already mentioned. 


And stationary work was not neglected. Many 
installations were made including several twin 
units—two engines connected end to end with a 
common flywheel and generator between them. 


During this period the Ingersoll-Rand Company 
had as an associate, the Rathbun Jones Company, 
and the stationary and marine engine designs of 
both companies were similar. 


FAIRBANKS-MORSE 


During the years from 1914 to 1923, the company 
did development work on the Type Y engine and 
reduced the fuel consumption progressively from 
0.6 to 0.5 Ibs. per bhp. hour. And in 1923, work 
was started on redesigning the complete line of 
engines to make them of the full diesel type. 


However, in 1924, the first step was taken toward 
a smaller higher speed oil engine. This had cylin- 
ders 514 x 614, speed 650 rpm., rated at 714 hp. 
per cylinder, 1-2-3 and 4-cylinder units. Prelimi- 
nary heating of the combustion chamber was pro- 
vided for by electric heating plugs taking current 
from a storage battery charged by a generator 
mounted on the engine as regular equipment. 
Block cylinder castings for multiple cylinder units 
were here first introduced in Beloit. 
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Above: F-M 25 hp. Type Y oil engine for oil field use— 
1924. 


Below: F-M Type Y vertical engine with generator— 
1924. 


injection Nozzle 


diesel unit in 16 in. by 20 in. size rated at 140 


Left: Fairbanks-Morse 30 hp. Type CO marine engine— 


Compression pressures had been raised from 150 
to 200 Ibs. per sq. in. and in 1924 a new design 
of 25 hp. horizontal Type Y replaced the older 
model, the object being to produce an engine 
more suitable for oil-field use. It was designated 
as Type Y Style HB. 


The main program of engine redesign was prog- 
ressing and the next development was in design- 
ing the Type Y vertical engines up to the com- 
pression of 500 lbs., which was needed to enable 
them to start cold without any preliminary heating 
of any part of the combustion chamber, or tube. 
This resulted in 1924 in the style VA diesel as 
shown in 200 hp. size and in the sectional view. 
The piston transfer ports were eliminated and 
an outside passage provided for the scavenging air 
from the crankcase to the intake ports. This was 
the company’s first full diesel engine. It was more 
economical, convenient and neater in appearance 
than any of its predecessors. Sizes were 3714 to 
300 hp. in cylinders of 1, 2, 3, 4 and 6. Two-stage 
combustion was used with a single orifice low pres- 


sure injection nozzle. 


In 1925, the style VA diesel had just replaced the 
Type Y and was coming into full production. The 
type designation was changed to Model 32. The 
Type CO marine semi-diesel engine was still in 
production. The success of the Model 32 station- 
ary diesel engine led to a completely new design 
for marine use called the Model 35. This started 
with the 14x17 cylinder size and was followed by 
the complete line down to 30 hp., replacing the 
CO line. The guaranteed fuel consumption for 
the 14 in. x 17 in. size was 0.46 Ibs. per bhp. 
hour. The injection pump and governor gear 
assembly was brought out to one side and placed 
midway of the length of the row of cylinders, 
thus reducing the length of the engine and _plac- 
ing this mechanism where it could be enclosed, 
copiously lubricated and easily manipulated. These 
engines were built to be direct reversible in all 
sizes having three or more cylinders. An air com- 
pressor was built-in to provide for starting and 
reversing, also a water circulating pump and two 
lubricating oil handling pumps. 


In this same year the company developed a larger 


Left: Transverse section through Type Y, F-M engine. 


hp. per cylinder at 257 rpm. This design, cal ed 
the Model 33 for stationary engines and 37 jor 
marine, departed from previous practice in hay. 
ing a single separate scavenging air pump whereas 
all other two-cycle engines built before this used 
closed crankcases for this purpose. Another now 
feature was in cooling all the pistons by circulating 
lubricating oil through them continuously. Pres. 
sure lubrication of parts within the crankcase 
could be used. These features made this engine 
most reliable and satisfactory. It was built both 
with direct reversible gear for marine use and 
without it for stationary use, very little change 
being required to cover both fields. This engine 
is shown in the 6 cylinder 720 hp. size. 


Following the successful launching of the 16 x 20, 
other units of 14 x 17, 1014 x 12Y% and 12 x 15 
size were developed in the order named in 1928. 
Each of these sizes were built in five, six and 
seven cylinder combinations, with the 16 x 20 hav- 
ing in addition, four, eight and eventually ten 


cylinders. 


A notable development of the diesel engine line 
started in 1925 and completed in 1926, was the 
534 in. by 61% in. size (later changed to 6 in. by 
61% in.) operating at 650 to 800 rpm. and rated 
at 1214 to 15 hp. per cylinder. This was, at this 
time, the smallest full diesel engine built. It was 
called the Model 34, 40 and 43 for marine, power 
unit and generating set respectively. It did not 
have direct reversible control system, but it did 
have a built-in piston type single water pump 
arranged to run at full engine speed. Fuel was 
brought to the injection pumps at some pressure 
to insure the filling of these pumps at the high 
speed used. The marine engine model and the 
engine generator set are shown in the illustrations. 


SUPERIOR 


In October, 1889, P. J. Shouvlin started a smail 
machine and repair shop in Springfield, Ohio. 
The growing interest in gas engines due to the 
bountiful supply of natural gas which had recently 
been developed in Ohio and elsewhere, attracted 
Mr. Shouvlin’s attention towards gas engines. So 
in the early 1890s he began building gas engines 
for what is now the Ohio Oil Company; also a 
little later for the National Supply Company, 
organized as such in 1896. The oil field demand 
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Above—F-M 360 hp. Type CO marine engine—1925. 


Below: 720 hp. F-M stationary diesel engine—1925. 


Above: F-M 40 hp. marine diesel, 5%” x 6!/2”—1926. 


Below: A 36 kw. diesel-generator set—1926. 


Superior Model VDM engine showing chain drive, cam- 
shaft and valve gear. 


thereafter took much the larger portion of the 
output of Superior gas engines, which were dis- 
tributed through the National Supply Company as 
exclusive agents for the petroleum industry, al- 
though sales were also made direct to other 


industries. 


The expanding business was moved in the mean- 
time to a building across the railroad tracks from 
and just south of the present plant; later being 
moved to the site of what is now the East Machine 
Shop of the Springfield factory. 


The gas engine business was continued until 1920, 
when the Type PS semi-diesel oil engine was added 
to the line. It was soon decided to take up diesel 
engines, and in order to acquire the designs, pat- 
ents and engineering advice of a European con- 
cern as aids to entering upon the manufacture of 
diesels, the Otto Engine Works were purchased 
outright in 1923. ‘Thus the Deutz license was 
acquired. A few years later, the Otto business 
was moved to a new plant in the Holmesburg 
section of Philadelphia. The word “Gas” was 


dropped from the corporate name and the com- 
pany became the Superior Engine Company. 


As soon as the Deutz diesel license had been 
acquired in 1923, the Springfield factory under- 
took the design and development of a vertical 
diesel engine. The result was the Model VDS 
which was introduced commercially in 1925. ‘This 
engine had cylinders 1314 in. by 17 in. and oper- 
ated at 277 rpm. It was built in 2, 3 and 4 cylin- 
ders. ‘The four cylinder engine rated at 240 bhp. 
is shown. The box frame was mounted on the 
top of the base and through bolts were used from 
the top of the frame to the lower part of the base. 
Individual cylinders were bolted to the top of the 
frame. The valves were opérated by push rods 
from the camshaft in the upper part of the frame, 
and the entire valve gear was exposed. Of the 
pump or solid injection type, the fuel injection 
pumps were built by Superior, and were grouped 
en bloc adjacent to the governor. Pressure lubri- 
cation was employed for all of the bearings in the 
crankcase. This engine was continued in regular 
production until 1930. 


As the company gained experience with these 
diesel engines, the Deutz license was dropped, and 


the new engine designs began to take on their 
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Superior, 3-cylinder engine with centrifugal pump 


connected through speed increaser. 


Side view with sections of Superior Model VDMA 


Six-cylinder Superior VDMA marine engine. 


FUEL INJECTION 


By the mid 1920s there were several diesel engines 


own individuality. ‘They were designed to meet 
what the company felt were the requirements of 
their customers. Also, a smaller cylinder size was 
needed. So in 1927, the Model VDM was intro- 
duced. With cylinders 814 in. by 11 in. and 
operating at 600 rpm., the engine developed 35 
hp. per cylinder and also was built in 2, 3, and 
4 cylinders. The box frame and individual cylin- 
ders were retained in this design; also the same 
design of valve gear, but the whole upper part 
of the engine including the valve gear were en- 
closed in an oil and dust tight casing. Pump 
injection was dropped in favor of common rail 
which was adopted as standard on all Superior 
engines for several years. Note the roller chain 
drive for the camshaft in the view with the side 
covers off the engine. This model was continued 
in production until 1931. 


In 1930, this design was further developed and 
the Model VDMA was introduced. The individ- 
ual cylinders were abandoned and separate cylin- 
der liners were used in a frame which extended 
from the top of the base to the top of the liners. 
Also, the line of engines offered was extended to 
include six and eight cylinders, and marine as 
well as stationary engines were included. The 
sectional view shows many of the constructional 
details. Note the floating type wrist pin in the 
piston. The common rail type of fuel injection 
was retained and the pressure pumps with the 
controls were mounted at the free end of the 
engine. This model was in production only about 
two years when it was superceded by another 
with slightly larger cylinders. 
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on the market that did not use compressed air for 
the injection of the fuel. They were variously 
known as solid injection, mechanical injection and 
airless injection engines. Their generally superior 
fuel economy serve to dramatize the fact that on 


Bethlehem-West two-cycle diesel engine. 


a comparative basis, the fuel consumption of the 
air injection engine was about eight per «em 
poorer than that of the solid injection eng ne 
So the air compressor had one more charge lev led 


against it. 


Furthermore, diesel engines had been applied to 
power shovels and to locomotives and thought ‘vas 
being given to smaller cylinder, higher speed ind 
lighter weight engines. The unsuitability of air 
injection engines for these sorts of applications 
was already obvious. One or two air injection 
engines used for such work only served to em- 
phasize the point. Such engines must be flexible 
in speed and load control, and air injection could 
not meet the requirements. Increasingly atten- 
tion was turning to some form of solid injection 


of the fuel. 


But even at that time, one of the forms of solid 
injection, pump injection of fuel, had been used 
long enough to bring little troubles of its own. 
One of them was called “dribbling,” the slight 
leakage of fuel after the injection was supposed to 
have ceased. This gave carbon deposits on the 
nozzle tips and generally poor combustion. It 
was especially noticeable when there was a long 
fuel line between the injection pump and _ the 
spray nozzle in the cylinder. Many attempts of 
one kind or another had been made to overcome 
the difficnity. The most successful proved to be 
the retraction collar under the fuel injection pump 


discharge valve seat. 


As fuel delivery ended, the action of this retrac- 
tion collar was to pull a slight amount of fuel 
back from the fuel line and relieve the line 
pressure. 


The first attempt of this sort had been described 
in a patent filed by Karl Steinbecker in Germany 
in 1913. But it remained for Axel U. S. Danielson 
of Sweden to file a patent in this country in 1924 


Transverse section through the West engine. 
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which: described the retraction collar as it is used 


today, and it is in practically universal use. 


BETHLEHEM-WEST 


The Bethlehem Steel Company had the problem 
of transporting ore at low cost from South Ameri- 
ca to its tidewater plant at Sparrows Point, Mary- 
land. So it built some large ore ships and installed 
diesel engines for propelling them. The first such 
ship was the Cubore built in 1920, and the engines 
were designed by their own engineer Arthur West. 
The engines were for direct connection to the 
propellers and were of the long stroke two cycle 
type. This gave low speed efficient propellers but 
posed a problem of scavenging the cylinders. West 
adopted a single valve in the head for the scav- 
enging air inlet. It was of special construction 
and is shown in the accompanying sectional draw- 
ing. The first engine was of 2514 in. bore by 48 
in. stroke but later engines were increased to 26 
in. bore. The rating was 2500 hp. at 100 rpm. 


Each engine had six cylinders and was of the air 
injection type. The high pressure compressor was 
driven from the crankshaft and located at the 
forward end of the engine. The scavenging pumps, 
two per engine, were of the piston type and had 
a connecting rod attached to the lower end of the 
main connecting red. Many parts of these engines 
were made of cast steel. Each crankshaft section 
consisting of two cranks with their webs and main 
journals were cast in one piece. Connecting rods 
and piston heads were also of cast steel. 


Over the next several years, more of these engines 


were built and installed in ore carriers, and a few 
svch stationary engines were built. 


SUN DOXFORD 


In February, 1922, a contract was made with 
William Doxford and Sons, Ltd., of Sunderland, 


Section showing the West scavenging valve. 
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England to provide the Sun Shipbuilding and 
Dry Dock Company of Chester, Pa., with engi- 
necring data, drawings and the right to use any 
patents that Doxford held on the Junker or op- 
posed piston type of engine. Previous to this date 
the Sun Shipbuilding and Dry Dock Co. had se- 
cured and owned all patents of the Junker Engine 


in America. 


Drawings were started in April, 1922 for the first 
“Sun-Doxford” engine. This engine, which was 
one of a group of three, had four cylinders of 580 
millimeters diameter, with upper and lower strokes 
of 1160 millimeters each ,combined stroke 2320 
millimeters) developing 2800 shp. at 80 rpm. It 
was installed in the M.S. Miller County in 1923, 
and today, twenty-five years later, this vessel is in 
operation with the original “Sun-Doxford™ engine. 


The first three engines were built strictly in ac- 
cordance with the Doxford design and the next 
two engines did not incorporate any changes of 
great importance. These engines were fitted with 
flat head pistons which were a considerable dis- 
tance apart, thus forming a large flat combustion 


space. 


On the sixth engine (built in 1925), this design 
was changed to make the pistons of the dished 
head type, thus forming a spherical combustion 
space. This had the advantage of bringing the 
edges of the pistons closer together and enclosing 
the combustion in a hot semi-spherical space, there- 
by reducing the effect of the combustion tempera- 


ture on the cylinder liner. 


Previous to this, experiments had been started 
with an engine braking system, which was finally 


developed and installed on all engines. 


This device which is used for stopping the engines 
quickly, consists of a lever operated cock which 
when turned to “Air On,” supplies air to a brake 
control valve, which is opened and closed by a 
cam located on the back cam shaft. These cams 
are timed, so that when the control valves are cut 
in, air is delivered to piston-operated valves located 
in the combustion space of each cylinder. When 
these piston operated valves in the two cylinders 
whose cranks are opposite to each other are 
opened, the entrappd air in one cylinder is 
allowed to flow through pipes and fill the other 
cylinder in which the pistons are at the outer end 
of the stroke. When the ports are sealed on the 
closing stroke, a volume of air is entrapped at a 
pressure in excess of the normal scavenge air. 
Releasing the compression on the expansion stroke 
of one cylinder and increasing the compression 
on the compression stroke of the opposite cylinder, 
absorbs the inertia of the moving parts and brings 
the engine to a stop. 


From i923 to 1927, ten engines of various sizes 
were built, which in general followed the original 
design, with the exception of one interesting and 
unusual twin-screw arrangement. 


These two engines were built for the yacht Sialia 
and consisted of two rows of four cylinders built 
on a common bedplate, with each row of cylinders 


driving a separate propeller. They have cylinders 
of 13 in. bore with a lower stroke of 22 in. and 
upper stroke of 17 in. and were the first engines 
built by Sun with differential strokes, all previous 
engines having equal upper and lower strokes. 
The design of these engines, which developed 750 
bhp. each at 200 rpm. departed from the standard 


“Doxford” design in many ways. 


The columns, column bridge and top guide were 
of cast aluminum alloy, with the upper moving 
parts enclosed in plate glass. “he coluinn bridge 
is common for both engines and a common sup- 
port for the center crosshead guides is mounted 
between the two engines at each cylinder. 


In 1927, the engines were redesigned to suit Amer- 
ican standards, and the first engine of this type 
was installed on the M.V. Sunoil, which was lost 
during the last War. This engine which had four 
cylinders of 600 millimeter diameter with upper 
and lower strokes of 1160 millimeters each, devel- 
oping 3000 bhp., had a different column arrange- 
ment, new design of scavenge pump and camshaft 
drive: also a new arrangement of fuel pump, along 
with other less important changes. 


This type engine which was designed for turning 
80 rpm. was successful in its class, and thirteen 
engines of this size and type were built for various 


customers, 


In 1929 was built the first large engines wherein 
there was a departure from the equal length upper 
and lower strokes. These engines had four cylin- 
ders 600 millimeter diameter and unequal strokes 
of 1160 millimeters for the lower and 850 milli- 
meters for the upper, developing 2700 bhp. at 
100 rpm. 


Two of these engines were installed in the M.V. 
City of New York and have the remarkable record 
of 21% years of continuous operation with no stops 
at sea and total repair bill of less than $500.00. 
All engines were built with cast iron columns, 
column bridges, bedplates, top guides, etc., with 
the exception of the two engines for the yacht 


Sialia which was described above. 


The Sun-Doxford opposed piston, 2-cycle marine diesel 
engine. 
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HAMILTON 


The Hooven, Owens, Rentschler Company is the 
diesel manufacturing division of the Lima-Hamil- 
ton Corporation, and builds Hamilton diesel en- 
gines. The beginnings of the HOR company go 
back over one hundred years, and although other 
companies have been absorbed over the years, 


there were two main roots. 


Job E. Qwens came to Hamilton in 1815 and in 
February 1846 was awarded the contract for the 
main iron and steel parts needed for the new jail. 
He located his shop on the west side of .the 


“Hydraulic,” which was a high line fed by the 
Miami River and gave him water power. And 
the present shops are located on property that 
includes the original spot. Owens acquired asso- 
ciates in his business and spread his activities to 
include the manufacture of any sort of metal 
article or machinery that the local country needed. 
This included sawmills, stationary steam engines, 
traction engines, paper making machinery and 
steam driven threshing machines. This continued 
for some thirty years. 


In the meantime, George A. Rentschler had come 
to Hamilton and had established his own foundry 
company. In time, he and his partner brought 
about them other associates, including ]. C. Hoov- 
en who was marketing his own “Monarch” port- 
able engine and thresher. ‘This machinery was 
being built by subcontractors, as they are called 
today. Thus a diversity of experience was being 
gained by the several men who were to become 
future partners and found the present company. 


This came about through the severe business de- 
pression of 1876 when the Owens, Lane & Dyer 
Company, as it had become, went into the hands 
of a receiver. The company was acquired and 
reorganized by George A. Rentschler and his asso- 
ciates in 1882 and was named the Hooven, Owens, 
Rentschler Co. By the following year, the first 
of a long line of Corliss steam engines was built. 
And by the turn of the century, over 700 such 


engines had been built and sold. 


The U.S. Shipping Board Motorship “Seminole”. 


In the years that followed, more steam engines 


were built, including marine engines. And there 
were rolling mills, sugar machinery, gas engines, 
and heavy machinery of other sorts. “The company 
had the manufacturing facilities and built what 
heavy machinery the customers needed. As indus- 
trial developments altered the demands, so the 
company changed its products or the emphasis on 
them to suit the requirements. From this long 
experience in building prime movers and heavy 
machinery, it was only natural that the company 
should take up the building of large diesel en- 


gines when the demand turned in that direction. 


In 1924, the Hooven, Owens, Rentschler Company 
entered into a license agreement with the MAN 
of Germany to build their design of diesel in the 
United States. HOR was particularly interested 
in Jarge marine diesels and thus in one step 
entered this field, and pioneered in building a 
large double acting two cycle engine. They were 
enabled to do this because the experience and 
engineering background of the MAN company was 
combined with the wide experience of the com- 
pany’s own engineers in designing and building 


heavy machinery and especially large engines. 


This first engine was a two cycle, double acting, 
air injection engine with four working cylinders 
and was rated at 3300 bhp. at 95 rpm. This en- 
gine was ready and passed its shop trials in 1926. 
It made a 30 day non-stop run under full power 
and speed conditions to simulate a trip around 
the world for the ship in which it was installed. 
Then it was installed in the motorship Seminole 
built for the U. S. Shipping Board. 


The picture shows the general construction of 
this engine. ‘The two double acting piston type 
scavenging pumps are at the forward end of the 
engine, at the left in the picture. The injection 
air compressor is in the middle between the two 
sets of working cylinders. Structurally, the engine 
is carried by A frames between each two cylinders, 
with a longitudinal strength member at the top. 


Note the backs of the crosshead guides in between 


the lower parts of the A frames. Just above and 
adjacent to the lower ends of the working cylin- 
ders, is the camshaft with the fuel injection 
pumps. ‘The pushrods are for the injection and 
starting valves in the upper cylinder heads. The 
control station at the floor level has the injectior 


air and starting air flasks nearby. 


This engine was so successtul that the company 
soon had orders for more large marine diesels. 
Over the succeeding three or four years, the com- 
pany built numerous engines. “TPypical examples 
were the four cylinder, double acting, two cycle 
engines for the ships Wichita and New Orleans. 
Phese engines had cylinders 2714 in. by 4714 in. 
and developed 4000 bhp. at 110 rpm. And there 
were the two single acting, two cycle, four cylinder 
engines for the tanker J. 4. Moffet, Jr. They had 
evlinders 2716 in. by 171, in. and developed 1650 


bhp. at 90 rpm. 


All of these engines were of course direct’ con- 
nected to the propellers and ran at speeds which 
were familiar to the shipping fraternity from re- 
ciprocating steam engine days. There was no sacri- 
fice of propulsion efliciency, especially in single 
screw installations, due to the adoption of the 
diesel engine. ‘Phus the better performance of 


the diesel engine was clear gain. 


FULTON 


In 1925 the ‘Tosi A-frame type of engine was 
discontinued and two new Fulton design models 
were brought out, designated as the Type “BG” 
and the Type “K” engines. 


These engines also had air injection fuel systems 
but were designed with en-bloc type frames. They 
operated at higher speeds of 200 to 225 rpm. and 
were lighter in weight, having now an average 
weight of 225 lbs. per bhp. They were equipped 
with full forced feed systems of lubrication and had 
replaceable main and crank bearing shells of solid 
babbitt about 34 in. thick. New type constant-stroke 
fuel pumps with lapped plungers and no packing, 

... And now please turn to page 128 ..... 


The four-cylinder, 2-cycle, double acting, 3300 hp. Hamilton-MAN diesel installed 
in the “Seminole”. 
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...YOQU CAN PLAY SAFE 


And Save on High Speed Diesel Repair Costs! 


The downtime involved in frequent piston ring re- costly wear of the break-in period. These rings give 
placements runs into BIG money! Play safe!—Stretch you new engine performance and economy and reduce : 
the time between shut-downs by installing Porous cylinder wear as much as one-half. And they eliminate 
Chrome* Piston Rings! These amazing rings are the the need for chrome plating cylinder liners—another 
product of two Koppers American Hammered devel- substantial saving for you. 
opments: First, they are made from F-88 metal, a new, Don’t take chances! Take a tip from leading Diesel . 
centrifugally cast iron with 21% times the tensile engine builders who play safe by using American Ham- 
strength and a modulus of elasticity 50% greater mered Porous Chrome Rings. There’s a piston ring 
than ordinary iron — Porous combination with Porous Chrome compression rings 
2 = Chrome Rings are unbreakable in for any high speed engine . . . for new equipment or tl 
Q\ service! Second, they seat im- replacement jobs. Koppers Company, Inc., Piston 


4 mediately, thus eliminating the Ring Division, Box 626, Baltimore 3, Maryland. 
i] 


 KOPPERS | 


*\AN DER HORST PROCESS 


IN EVERY SIZE « OF EVERY TYPE + FOR EVERY PURPOSE 
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peving materials, airplane propellers. if is o leader in the weed preserving 
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Conpeny, tnc., General Offices, Pittsbergh Pe. 
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First Fulton box frame engine, 00 bhp. at 200 rpm.— 
192 


Fulton Type RR engine, 180 bhp. at 277 rpm. This was 
the first solid injection engine. 


low pressure air starting system of 250 Ibs. psi. 
pressure, instead of the 1000 Ibs. formerly used, 
increased accessibility and easier facilities for 
making adjustments were built into these designs, 
which were to continue in production until 1937. 


About 1923 the company began investigations into 
the solid injection system of fuel introduction to 
the cylinders and in 1929 marketed its first suc- 
cessful solid injection engine, the Model RR. 
This model was equipped with Fulton-designed 
and manufactured fuel pumps and spray valves. 
It had a bore of 1314 in. with an 18 in. stroke 
and delivered 60 hp. per cylinder at 277 rpm. 
This model was also built as a spark ignition gas 
engine and continued to be active, with modifica- 
tions, until about 1938. 


In 1928 Fulton acquired the plant and assets of 
the Foos Gas Engine Company of Springfield, 
Ohio, and did considerable development work on 
lightweight, higher speed engines during the next 
ten years. 


The Type L engine, which was built in the Spring- 
field plant, was an 81% in. x II in. unit, develop- 
ing 40 hp. per cylinder at 720 rpm. and was engi- 
neered for adaptation to oil-drilling rigs and was 
utilized in this capacity as well as for marine pro- 
pulsion and general utility work during that peri- 
od. Spark-ignition gas engines and Type RR 
diesel engines were also made in the Springfield 
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Two Fulton 1000 hp. diesels in R. H. Macy store, New 


York—1928. 


Air injection, 1000 hp. Fulton engines in 
Michigan Water Works—1929. 


Built at Springfield about 1930, Fulton diesels of this 
type were used in Oklahoma and Texas Oil Fields. 


plant during that time. The Foos plant was dis- 
posed of by Fulton in 1941. 


NORDBERG 


From the earlier experience gained in building 
the FH engines, Nordberg was exceptionally well 
qualified to enter into negotiation for the con- 
struction of a large diesel stand-by power plant 
for the Panama Canal which was to replace a 
steam plant then being used for this service. In 
1925 Nordberg received an order for three 4000 
hp. engines, these were known as type CZ. These 
engines had six cylinders of 29 in. bore, 44 in. 
stroke and operated at 125 rpm. In the design 
of this engine the older open frame construction 
was abandoned in favor of an entirely enclosed 
crankcase. The cylinder blocks were bolted to- 
gether and mounted on “A” frames, with long tie 
rods extending from bedplate to top of cylinder 
blocks taking the tensional stresses, the cast iron 
members being only in compression. Since these 
engines had to operate on bunker “C” fuel, air 
injection was used. Scavenging air was furnished 
by twin inclined pumps driven from the crank- 
shaft. These engines also had valve-in-head scav- 
enging and water cooled pistons. All bearings 
were pressure lubricated. The installation of these 
engines was the largest diesel plant in the Western 
Hemisphere at that time. 


The next development of Nordberg was a totally 


enclosed VH model engine of box frame construc 
tion as shown on the test floor. This engine wa 
of 1634 in. bore, 22 in. stroke and rated at 450 
hp. at 225 rpm., was of the air injection type, of 
crosshead construction, employed port scavenging 
had pressure lubrication and oil cooled pistons 
A number of VH engines were built with 3, 4 
and 6 cylinders and their successful performanc 
resulted in the development of a larger engine ol 
the M-178 type, the first of which was built i 
1930. This engine was constructed with “A 
frames which supported cylinder blocks, each cylin 
der block casting consisung of two or three cylin 
ders, depending on the number of cylinders ol 
the engine. The engine in the picture had eight 
cylinders of 17 in. bore, 23 in. stroke and at 257 
rpm. developed 1760 hp. Like al! earlier Nord 
berg diesels, this was of two-cycle, air injection 
design and was constructed with crossheads. 


BUDA 


The Buda Company was founded in 1881 a! 
Buda, Illinois, the town from which the compan 
takes its name. In the beginning, the compan) 
manufactured only railroad supplies. As the busi 
ness expanded, the company was moved in 89! 
to its present site in Harvey, a suburb of Chic.go 


in order to gain the advantages of a more acces 


sible location. 
In 1910 it was decided to build a line of gasoline 
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engines for the company’s power track cars, for 
trucks, buses, taxicabs, and for marine, agricul- 
tural and industrial purposes. This line of activ- 
ity prospered for years, but as the price of gaso- 
line increased it became more and more evident 
that for stationary and industrial uses especially 
the cost of operation must be lowered. This led 
the company to consider the diesel engine. 


In 1926, the Chief Engineer of The Buda Com- 
pany went to Europe to investigate the various 


station—1926. 


Model 4-D-186. 


types of diesel engines. The M.A.N. type was 
selected as the most promising for use in this 
country. As a result, The Buda Company ar- 
ranged for the manufacturing rights of the M.A.N. 
diesel and in 1926 they built the first high-speed 
diesel engine (built in this country) for industrial 
and marine service. 


The first Buda diesel engine of the M.A.N. type 
was the Model D-630, which was shipped to the 
Harnischfeger Corp. for use on a drag line. This 


Buda-MAN engines, vintage 1927 in Standard of Louisiana pumping station. 
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Three Nordberg 4000 hp. diesels—Panama Canal power 


One of the last of the Buda-MAN diesels— 


Nordberg Model VH engine with box frame. 


One of the first Buda-MAN high speed diesels—over 
1000 rpm.—Decorah, lowa, 1934. 


was the first high-speed diesel (so-called “high 


speed” was up to 900 rpm.). 


The carly models of Buda M.A.N. diesel engines 
were equipped with M.A.N. fuel injection pump 
with dual injectors; that is, where two nozzles 
are used per cylinder in opposed positions. Later, 
the design was improved and changed from the 
dual injection to the single injection with a flat 
top piston to eliminate the injection fuel plumes 
striking each other. Furthermore, the design was 


Buda-MAN Model 4-D-904 in Keystone | yd. skimmer. 


engines in Nordberg Type CZ engine with inclined scavenging 
orks—1929. pumps, far end. 
Eight cylinder Nordberg Type M-178 diesel. 
‘ 
. 


changed to a piston having a tear-drop depression 
on top. The advantages of these improvements 
were better fuel atomization, better combustion, 
and higher thermal efficiency. Later, the M.A.N. 
design of fuel injection pump was changed to 
American-Bosch. 


In 1929 the Buda Company brought out a new de- 
sign of diesel which permitted speeds up to 2000 
rpm. Although the M.A.N. design was successful 
for the moderate speed application, it was found 
that compression pressures were abnormally high; 
therefore, it was desirous to perfect a design to 
give low combustion pressure in order to provide 
for longer life to bearings and wearing parts. To 
accomplish this desirable feature, The Buda Com- 
pany adopted the Lanova type of “controlled 
turbulence” combustion system and was the first 
diesel engine manufacturer to adopt the Lanova 
system. The first Buda-Lanova diesel engines were 
yuilt and released for commercial use in 1934 and 
935. 


The original Lanova or controlled turbulence sys- 
tem engine was primarily set up for use with 
the American-Bosch injection system. However, at 
a later date the Navy, together with Buda, ar- 
ranged the design for the use of the Ex-Cell-O 
injection pump. The first diesel for the Navy 
with this equipment was the Buda Model DD 
engine. The Navy produced small diesels follpw- 
ing closely the designs of The Buda Company. 
The drawings were made so that the parts were 
interchangeable. The Navy's original designs for 
their DD, DADB, and DC engines were made 
from Buda diesels. 


COOPER BESSEMER 


This company is the consolidation of two earlier 
companies, and like so many others their growth 
reflected the needs of the times. The Cooper 
Company was founded by the Cooper brothers, 
Charles and Elias. It was a foundry and started 
in business by making simple household articles. 
Located in Mount Vernon, Ohio, its activities 
followed the growth of that region as it changed 
from a predominantly agricultural economy to 
an industrial and agricultural region. So next 
came castings for machinery, then steam engine 
driven blowing engines for the charcoal iron fur- 
nace’. Steam locomotives and steam powered agri- 
cultural tractors were built. 


The company was incorporated in 1895 as the 
C. & G. Cooper Company. They had become well 
known builders of steam engines, and when after 
the turn of the century, in 1908, the gas engine 
was becoming an important prime mover and 
source of power, the company entered that field 
and built a line of large horizontal engines. Special 
attention was given to compressor sets for natural 
gas pipe lines. 


In 1926, the company entered the diesel engine 
field by acquiring a license from MAN in Germany 
for four cycle type engines. The design followed 
the MAN design quite closely except that some 
changes were made to better adapt the engine to 
manufacturing methods as practiced in this coun- 
try. The sectional illustration shows the construc- 
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Transvers 


Present day Buda marine diesel engine. 


Below: Present day Buda diesel indus- 
trial type engine with clutch and power 
takeoff. 


Above: Present day Buda diesel 
automotive engine with controlled 
turbulance combustion system. 


Below: Cooper-MAN engine-gen- 
erator used for stationary and 
marine auxiliary services. 
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Transverse section and side elevation with section of 
Cooper-MAN, 12” x 18” engine. 


power plant with 


Cooper-Bessemer Model G engine in Newark, four, 6-cylinder Bes- 
New Jersey. semor diesels. 
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One of first Bessemer diesels following Atlas design with 
common rail fuel injection. 


Transverse section of the 
B EP engi 


Six-cylinder Cooper-Bessemer FP drill rig 


tion details. The base and crankcase were in one 
casting for the three cylinder engine and the cylin- 
der block was bolted te the top of the crankcase, 
with long bolts extending from the top of the 
block to nearly the bottom of the base. Separate 
cvlinder liners were used. While the camshaft 
and the lower ends of the pushrods were enclosed, 
the upper ends and the cylinder head gear were 
open. Pump injection was used for the fuel with 
an individual pump at each cylinder, just above 
the camshaft. The governor can be seen at the 
right, gear driven from the camshaft drive gears 
and fully enclosed. Several engines of this type 
were built, but when the Cooper Company pur- 
chased the Bessemer Gas Engine Company in 
1929, the MAN engine line was discontinued. 


The Bessemer Gas Engine Company started at 
Grove City, Pennsylvania in the 1890s. Its first 
products included clutches for the nearby oil 
fields but it soon entered the gas engine field. 
‘There was natural gas nearby and there was a 
demand for gas engines for power, especially 
power for pumping oil. However, by the late 
1910s, the demand turned to oil engines, or semi- 
diesels as they were known, and Bessemer turned 
into that field to keep up with the current trend. 
But it was soon realized that the diesel engine 
was the real answer. Accordingly in 1924, the 
company acquired a license from the Atlas com- 
pany of Oakland, California. That company had 
engines already developed using the common rail 
fuel injection system and the license provided 
Bessemer with a quick method of getting into the 
diesel business on a sound basis. 


The first engines produced followed the Atlas 
design very closely. As the illustrations show, the 
box frame was bolted to the top of the base. 
Individual cylinders were used and bolted to the 
top of the box frame by four bolts per cylinder 
as shown. While the camshaft was enclosed in 
the upper part of the frame, most of the valve 
gear was exposed. The high pressure fuel pumps 
were at the free end of the engine, at the right 
in both photographs given here. 


The line of diesel engines was soon expanded 
to provide several cylinder sizes and thus a range 
of horsepowers. The engine models were known 
as E, F, G, J, K and M. Cylinder bores ranged 
from 7/4 in. to 1514 in. Following these there was 
the MX with a cylinder of 16 in, by 22 in. and 
shown here. All of these engines had individual 
cylinders and open camshafts. The line was taking 
on the Bessemer individuality. The common rail 
fuel injection system was retained. Many engines 
of these types were built. 


The next development was the EP with cylinders 
7% in. by 101% in. and fully enclosed. The cylin- 
der block was used with separate individual cylin- 
der liners. Otherwise the constructional details 
followed the earlier engines very closely. This 
model was built in from three to eight cylinders 
per unit and for stationary and marine service. 
The six and eight cylinder marine engines were 
made directly reversible. 


Note on the picture of the EP engine the two 
fuel injection assembly blocks on the front side. 
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i 
i 
Cooper-Bessemer EP engine built for driving dredge pump. 
i 


and alternators in power plant. 


The fuel injection system adopted by this com- 
pany was a modification of the old common rail 
system used on the earlier Bessemer engines. An 
atmospheric relief was provided which relieved 
the pressure of the fuel injector between fuel in- 
jections. Also, the high pressure fuel regulator 
was eliminated and a suction valve regulator on 
the high pressure fuel pump substituted instead. 
This retained the advantages of the common rail 
system especially for marine work where many 
engines were sold and overcame some of the 


disadvantages. 


At about this same time, in 1927, the company 
adopted the roller chain drive for the camshaft 
as standard application on all new engine models. 
This was convenient because the camshaft was 
placed near the top of the engine in order to 
shorten the valve gear pushrods. 


When the company was merged with Cooper in 
1929, it was the Bessemer line of engines that was 
continued. And development work on diesel en- 
gines went on from there. In fact it was the 
Grove City plant that continued to concentrate 
on diesel engine manufacture. 


Two MclIntosh & Seymour diesels in Southern Ry. & 
Light plant, Natchez, Miss. 


‘The first engine design developed after the merger 
was the FP which was similar to the EP but with 
larger cylinders. It also was designed for stationary 
and marine use and to be built in from three to 
eight cylinders per unit. The cylinder bore was 
9 in. and the stroke 12 in.; operated at a speed 
of 514 rpm. at first, it was later run at 600 rpm. 
The engine proved to be especially suitable for 
semi-portable applications such as for powering 
drilling rigs. 


This engine was soon followed by the Model R 
engines. Several cylinder sizes were built to pro- 
vide a range of powers. The construction of all 
of them was similar. The upper crankcase and 
cylinder block were cast in one piece for several 
cylinders. The camshaft was in the open and at 
the top of the engine in a trough supported by 
brackets from the en bloc frame. 


The JR size had cylinders 11 in. by 14 in. and is 
shown driving a generator in a refrigerating plant. 


The KR size had 14 in. by 18 in. cylinders. As 
the illustrations show, these R engines had the 
camshaft drive at the middle of the engine length. 


Injection side of Cooper-Bessemer 6-cylinder KR diesel. 


The high pressure fuel injection pumps are also 
located there for convenient driving of them. 
In the LR engines, the cylinders were 16 in. by 
20 in. In eight cylinder units, these engines were 
imposing machines. 


The largest size of this line, the MR, had 18 in. by 
22 in. cylinders. All of these engines were built 
for both stationary and marine applications. 


AMERICAN LOCOMOTIVE 


During the period 1922 to 1924, there were no 
new models produced, but the current medels 
were improved in design and also in some cases 
the bore of the engine was increased. Many of the 
standard engine designs were changed from grav- 
ity feed lubrication to forced feed, which design 
was used on all subsequent models. 


In 1925 the 4-B-40-32 engine which was rated 500 
hp. at 164 rpm. was intended to replace the 4-A-38 
type which had become obsoiete in many respects. 
This engine had a 20 in. bore, 30 in. stroke, air 
ijection, 4 cycle, with base and frame in one 
piece castings extending the entire length of the 
engine, and individual cylinders mounted on the 


McIntosh & Seymour, 6-cylinder crosshead type diesel— 


1926. 


Smallest 


frame. 
of the c 


speci 
was des: 
Board v 
These e 
bhp. at 
head ty 
and sim 


The sm: 
to this t 
80 bhp. 
12 in. s 
tended f 
iary serv 


In desig 
1927, mi 
gine we 
four cyl 
rated 36 
stroke. 

pistons 


| s 
Cooper-Bessemer engines 
| 
| 
: 


diesel. 


ps are also 
of them. 
> 16 in. by 
igines were 


d 18 in. by 
were built 
ations. 


IVE 


e were no 
‘nt medels 
some cases 
[any of the 
from grav- 
ich design 


; rated 500 
the 4-A-38 
ly respects. 
stroke, air 
ne in one 
of the 
ed on the 


Smallest of the Mcintosh & Seymour 
bhp. at 450 rpm. 


frame. The governor was located on the free end 


of the crankshaft. 


A special direct reversible marine type engine 
was designed in 1926 for use in U. S. Shipping 
Board vessels for conversion from steam to diesel. 
These engines, type M-6-C-64-60 were rated 2750 
bhp. at 105 rpm., 32 in. bore, 60 in. stroke, cross- 
head type, six cylinder, air injection, four cycle, 
and similar in design to the M-6-C-44 type. 


The smallest engine to be designed and built up 
to this time was the 4-B-16 type which was rated 
80 bhp. at 450 rpm. in four cylinders, 8 in. bore, 
12 in. stroke, air injection, 4 cycle, and was in- 
tended for stationary applications or marine auxil- 


iary service. 


In designing the M-4-D-64-52 type of engine in 
1927, many of the parts from the M-6-C-64-60 en- 
gine were used. This engine was a four cycle, 
four cylinder, double acting, air injection type 
rated 3000 bhp. at 110 rpm., 32 in. bore, 52 in. 
stroke. The engine was equipped with oil cooled 
pistons and air actuated maneuvering gear. In 


Four-cylinder, double-acting, 300 hp., 110 rpm., 
diesel—1927. 


1929 this same type of engine was built in five 


cylinders. 


Following the usual current design of cross-head 
type engines, there was designed and built the 
M-6-C-58 type which was rated 1800 bhp. at 105 
rpm., 29 in. bore, 48 in. stroke, six cylinder, four 
cycle, air injection, with very ingenious ma- 
neuvering gear which is operated by an electric 
motor. The complete control of the engine; that 
is, Maneuvering and speed control was by push 
button with a hand control for emergency. This 
type of engine was later adopted for stationary 
use by making the necessary design changes. 


The first engine designed and built in Auburn 
for locomotive use was the 12-V-16 engine and 
was installed in a switcher built for the Lehigh 
Valley Railroad. This engine was rated 300 hp. 
at 450 rpm., 8 in. bore, 914 in. stroke, 12 cylinder, 
V type, air injection, four cycle. This type of 
engine was also built in the eight cylinder model. 


CUMMINS 


After closing out the earlier horizontal engines, 


First locomotive diesel designed and built at Auburn 
—300 hp. at 450 rpm. 


the next attempt was with vertical engines. The 
first such engine in late 1922 was a single cylinder 
7% hp. It was installed in a shrimp trawler in 
New Orleans. After overcoming the local pre- 
judices against it, this engine out-performed the 
competing gasoline engines and several more 
Cummins engines were sold in that service. Com- 
bustion cups on these engines had to be cleaned 
after every five hours of operation, but use of the 
engines continued. Some two cylinder 15 hp. 
engines were built also. But when counterweights 
on the crankshafts started coming off at unex- 
pected times, it was decided to abandon that 
engine development. 


Several more lessons had been learned. It was 
decided that timed fuel injection was necessary in 
order to control combustion. Experience with the 
two cylinder engines taught the necessity of accu- 
rate fuel load distribution. On account of varia- 
tions in flash and fire points of various fuels, it 
was considered that advance fuel preparation be- 


fore injection was necessary. 


Switching locomotive in which the engine, seen left, 
was installed. 
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During 1923 and 1924, several types of two cycle 
engines were tried; port scavenging and valve 
exhaust, port scavenging with timed valve control 
over the scavenging period with valve exhaust, 
pump scavenging with exhaust out through ports. 
At first all of the engines were of the stepped 
piston type. Then a Roots type blower was tried 
as a supplier of scavenging air. After experiment- 
ing for two years, it was decided that the two 
cycle engine had as many parts as the four cycle, 
and the two cycle engine projects were abandoned. 
The fuel injection equipment was still not en- 
tirely satisfactory. 


In 1924, came the Model F engine. To build it, 
as much as possible of the old two cycle design 
and pattern equipment was used. This accounts 
for the use of individual cylinders bolted to the 
base. Little change was needed in the camshaft 
and valve gear; these parts had been used on the 
two cycle engines. The fuel injection equipment 


Cummins Model F engine for marine application. 


on this modei, marked the end of the old and the 
first step in the development of the present 
method. 


From 1923 to 1927, about 3,000 separate and dis- 
tinct fuel injection apparatus developments were 
made and tried. During this same period, some 
engines were built and sold also. ‘The principal 
trouble with the fuel injection equipment was 
carbon in the cup. ‘This caused a lack of combus- 
tion in the cup. So a plunger was introduced to 
bring the discharge of the fuel at the right time. 
While this brought improvements in performance, 
many details had to be worked out so that it 
would be satisfactory over the whole load and 
speed range. 


The company had to sell in a new territory be- 
cause of earlier troubles, so Seattle was chosen. 
With the changes, the new engines were successful 
and many were sold. Then serious trouble came 


again because of faulty materials and manufact ire. 
These difficulties were overcome, and there was 
a demand for six cylinder engines to give n ore 
power. Eventually, many engines were sold to 
the Lighthouse Service, to the Shipping Board 
and for industrial applications. 


In 1927, the company contracted to supply engines 
to a shovel manufacturer, and at this same time 
purchased and moved into a new and larger plint 
at the end of 5th Street in Columbus. About !00 
Model F engines with exposed valve gear were 
installed in shovels. This experience showed that 
enclosure of valve gear was necessary. 


The Model P was developed in 1927-1928 with 
the camshaft and part of the valve gear in the 
crankcase. Long push rods were used. Shovel 
work also taught that the timing and pressure of 
the fuel injection system were not suitable for 


this service—the engine was too easily overloaded 


Plymouth locomotive with Atlas diesel engine built in 1927—picture taken 


in 1945. 
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ie FIRST diesel engine installed in a tractor—1927. 
— 
Transverse section through Cummins F 
—-}-- i 
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One of the first diesel tractors in U.S—a Monarch with 


¢ showed that Atlas engine as seen at 1928 California State Fair. 


ry. 
ee at the slower speeds. More changes were made. 
927-1928 with I 
e gear in the 


é In 1928 and 1929, the Model W was developed. 
used. Shovel 


This was the old Model P with 14 in. more bore 
mitable for and | in. more stroke to give more power. The 
prea oil old single cylinder engine at the increased bore 
iat and stroke was called the Model N. At about 
this time the cup wiper or “sneezer” was devel- 
oped. It came by trying many shapes of pistons 
in an effort to keep the nozzle clear of carbon. 
A modification of one of these gave the cup wiper, 


which became standard after that. 


In 1928, the two cycle was tried again briefly, but 
when variations in the length of the exhaust 
pipe ruined the engine performance the two cycle 
engine was abandoned for good and all. 


In that same year the Model U was produced. It 
was a 414 in. by 6 in. and at 1000 rpm. was rated 
at 10 hp. per cylinder, although 800 rpm. was 
considered the normal speed. It was built in 1, 2, 
3, 4 and 6 cylinders per unit. It was the first 
completely enclosed engine and had a somewhat 
different fuel system. 


In 1929, development work was started on the 


present distributor type of fuel injection pump. 
From the first Hvid system engine, there had 
been ten years of development and improvements. 


At this time, there were demands for a larger 
engine, so the Model K was developed. It was the 
Model U scaled up to give cylinders 634 in. by 9 
in., but with removable cylinder liners; the first 
of any of these engines to have such. 


Also there was the Model L which was a K with 
more bore and stroke. Then came the VL with 
7 in. by 10 in. cylinders; twelve of them in V 
form gave a 500 hp. engine at 1000 rpm. 


ATLAS IMPERIAL 


During the 1920s, Atlas had been building its 
recular line of engines with additions of new sizes 
as the demand came for them. The earlicr experi- 
ences in shovel work had taught that the valve 
geer must be enclosed, so covers for the tops of 
the cylinders had been added for engines sold in 
that service. 


In 1927, Atlas was pioneering again. The first 
Caterpillar tractor was changed over from a gaso- 


line engine to an Atlas diesel for Henry J. Kaiser. 
And in November of that year a second tractor 
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was changed over to diesel and bought by John 
Kelly to be used for farming operations around 
Stockton, California. This was the first farm 
diesel tractor. 


It was also in 1927 that Kaiser had an Atlas diesel 
installed in a Plymouth locomotive for use around 
his stone aggregate plant in the Livermore Valley. 


These installations were such a success that when 
Kaiser obtained a contract for Mississippi River 
levee work in 1928, he ordered several more 
changeovers to diesels. ‘These were the first diesel 
powered tractors to be used in such work. These 
changeovers were followed by many more in that 
same year and in the following year. 


By that time the demand for such engines became 
so great that new sizes and designs were developed 
and built featuring completely enclosed machines 
to make them dust and oil tight. And they were 
used widely for shovels, draglines, tractors and 


all such machinery. 


PENN STATE 


In about 1923 there was established at the Engi- 
neering Experiment Station of Pennsylvania State 
College, a special section devoted to the diesel 
engine and its problems. Dr. P. H. Schweitzer 
headed this group of workers under Prof. F. G. 
Hechler and the late Dean R. L. Sackett. 


One of the first projects undertaken was the study 
of fuel injection especially the formation of the 
fuel spray jets inside of the combustion chamber. 
These jets were formed by the mechanical injec- 
tion of the fuel. Basic information of the size of 
the fuel droplets and the distribution of them in 
the sprays was obtained. The work continued until 
the whole subject had been explored. 


The experimental research investigations begun 
then have continued ever since and many notable 


This Atlas diesel tractor installation reflects improve- 
ments which came fast—1929. 


contributions have been made to the basic knowl- 
edge needed to understand the various phases of 
diesel engine action and behavior. As examples, 
Dr. K. J. De Juhasz investigated the hydraulic 
action of the fuel flow through the high pressure 
tubing between injection pump and spray nozzle, 


and has done much work with pressure indicators. 


The results of the work accomplished have been 
described in various technical papers and in the 
Bulletins of the Engineering Experiment Station. 
The first Bulletin dealing with any phase of diesel 
engines was number 35 published in September 
1926 on the subject of The ‘Tangent Method of 


Analysis for Indicator Cards. 


Penn State initiated and sponsored the first na- 
tional meeting of the Oil and Gas Power Division 
of the American Society of Mechanical Engineers. 
It was held at the College on April 21 to 23, 1927 
and though only about twenty-five attended, the 
meeting was indeed a success due to the interest 
and enthusiasm of those present. It was realized 
that such meetings satisfied a need of getting to- 
gether for the discussion of diesel engine problems. 


In June 1928 the second meeting was held at 
Penn State and the habit of making such meetings 


The 1928 Oil and Gas Power Conference at Penn State. Clockwise around the table: G. H. Michler, Std. Oil Co. of 

N. J.; H. A. Orath, Ingersoll-Rand Co.; L. H. Morrison, Diesel Power; F. G. Hechler, Penn State; G. A. Stetson, A.S.M.E.; 

R, L. Sackett, Penn State; E. J. Kates, Consulting Engineer, New York; Fred Low, “Power”; C. R. Alden, Ex-Cell-O 

Tool & Mfg. Co.; Harte Cooke, Mcintosh & Seymour Co.; C. E. Beck, Busch-Sulzer; R. H. Ward, "Motorship"; G. L. 

Wendt, Penn State; O. F. Allen, Consulting Engineer, New York; George Heath, Carels Diesel & Steam Engines, Ltd., 
? London; P. H. Schweitzer, Penn State. 


» 

4 
=... 
| 

+ 


an annual affair was formed. These meetings were 
held at Penn State for many years until the at- 
tendance outgrew the facilities, and since then 
the meetings have been held alternately in the 
midwest and in the east. Today, the discussions 
cover all phases of development work, design, 
manufacture, use of accessory equipment, use of 
diesel engines and the operation of them. 


At the 1928 session a paper on Diesel Fuel Oil 
Specifications was presented by G. H. Michler of 
the Standard Oil Company of N. J. In this paper 
the trials of the fuel supplier were outlined due 
to the variations in the fuel specifications as given 
the diesel engine user by the engine builder. 
There was extensive discussion of the paper and 
at the conclusion Dr. Schweitzer suggested a com- 
mittee be appointed to study the subject to see 
if some sort of standardization could not be ef- 
fected. That was the beginning of what later 
became the American Society for Testing Mate- 
rials standard specifications for fuel oils. 


At about this same time a sub-committee on oper- 
ating costs was formed and at the 1929 annual 
meeting came their first report. The work has 
continued ever since and has increased in im- 
portance. 


Transverse section through the Trieber 
3000 hp. diesel engine. 
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COAL DUST DIESEL ENGINES 


It will be remembered that Rudolf Diesel’s origi. 
nal patent for the diesel engine indicated the use 
of coal dust for fuel. Apparently Diesel himself 
was too busy afterward on other things to pay 
much attention to such a fuel later. However, 
one of the engineers who worked with Diesel dur. 
ing the experimental period, Rudolf Pawlikowski, 
pursued the coal dust idea. He actually built 
several engines and had them in operation in 
Europe during the 1920s. Pawlikowski was granted 
patents in 1923 and 1924 on such engines. But 
nothing very important commercially seems to 
have come of them, and the idea did not take 
root in this country. The difficulties and the ob- 
stacles were too numerous and too great. 


TREIBER 


In the mid-1920s, O. D. Treiber who had been 
with the Bessemer Company had some ideas on 
building light weight high output engines. He 


RUDOLPH DIESEL 
MUNICH, 2NO, December 3, 1932 


Herr Franz Lang 
Gaimerstrasse Ila 
Munich 


My dear Herr Lang: 


Today you are celebrating your 60th birthday. On this day 
allow me to extend to you my hearty good wishes. 


From the beginnings of the Diesel motor you have dedicated 
your thoughts, your efforts and r whole — energy 
to the further extension of the work of my deceased father. 


With the greatest interest | have followed your remarkable 
accomplishments in the design and the development of the 
latest type of Diesel motor, the air-chamber motor. May you, 
as a logical successor to my deceased father, receive the 
honors that are due to you for sucl. a fruitful life work. 


1 hope that you may have still many years to accomplish the 
lifelong task to which you have set yourself. 


Yours devotedly, 
Rudolph Diesel (signed) 
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Transverse section through the Rathbun-Jones engine— 


acquired financial backing for his undertaking 
and designed and built several engines for yacht 
installations. The illustration shows a_ section 
through a V engine produced in about 1927. Note 
the light weight structure with the through bolts 
from the top of the cylinder heads to the base. 
The engine was fully enclosed. Common rail fuel 
injection was used. It was an advanced design 
of its time and was an example of the efforts that 
were beginning during that period to increase the 
speeds and outputs of diesels with lower weights. 


PACKARD 


In about 1928, Packard brought out a small radial 
type air cooled diesel for small airplanes. It was 
of the four cycle type with pump injection of the 
fuel. The engine was successful in the fact that 
planes with such engines were actually flown. But 
the power was low and the demand for such 
engines at that time was not sufficient to warrant 
continued production of them. After a few years 
the project was abandoned, but again this engine 
was notable as an example of the advances that 
were being made in diesel development. 


MUNICIPAL POWER PLANTS 


All during the 1920s there was much activity in 
tie municipal power plant field. It started prior 
t) 1920 in the midwest and southwest, but the 
intensity of the activity increased considerably 
a'ter 1920. Some plants were installed where there 
hd been no power before, or they were installed 
t supply water for the community. But many 
pints were located in communities that had pre- 
Vicusly purchased their power from the nearest 
bi. central station and its network of high tension 
power lines. The diesel plant could show a large 
sa\ing in power costs to the customers and the 
dicsel business of that kind thrived. Many firms 
we e in the business of building diesel engines and 
wh le the competition among the diesel companies 
was keen, all of the diesel salesmen aided and 
aberted the trend toward the local independent 
pewer plant with diesel engines. 
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The Lang midget test engine—1910. 


The number of such diesel plants reached such 
proportions that the national association of the 
large steam utilities became alarmed at the loss 
of business and fought the diesel engine and its 
use in such services very vigorously. To add to 
the disturbance, the trend spread into the east, 
and diesel power plants were installed in manu- 
facturing plants and office buildings right in New 
York City. 


While the uproar was proceeding at full speed, 
the Oil and Gas Power Division of the American 
Society of Mechanical Engineers began its annual 
meetings. A few utility representatives attended 
and the technical sessions gave an opportunity 
for everyone to present their views. The discus- 
sion turned to costs of producing the power, and 
soon a committee was formed, as already related, 
to gather data. And this data helped to convince 
the utilities that the diesel engine was something 
to use, not something to ignore or oppose. 


Another item that helped to promote the sale and 
use of diesels was financing arrangements. Install- 
ment payments were used in connection with 
some of the first diesel engines sold in this coun- 
try, and in the 1920s this method was refined so 
that the payments were made out of savings. The 
customer paid the difference between the previous 
cost of power and the new cost with the diesels. 
So the new plant paid for itself out ef its own 
earnings and cost the owner nothing, at least 
when figured on that basis. 


RATHBUN JONES 
In 1928, the company offered the six and eight 
cylinder 1714 in. by 28 in. line of engines. As the 
illustration shows, the main bearings were of the 
cylindrical half shell type set into the base, and 
the crankpin bearings were of the marine type; 
the piston pin end of the connecting rod had a 
bronze bushing. The valve gear was as in the 
earlier engines. The fuel injection system had 
a single pump with a governing valve and a dis- 
tributor for delivering the fuel to the proper 


Another of Lang's experimental engines. 


cylinder at the right time. This method had been 
developed by this company two years previously. 


In this engine, the cylinder head was in one piece; 
the earlier engines had a lower head for the com- 
bustion chamber and an upper head for the 
intake and exhaust valves. The two fuel injectors 
were in opposite sides of the upper head. 


LANOVA 


The combustion chamber system known by this 
name was developed by Franz Lang, and the word 
Lanova is a combination of the name Lang and 
the Latin word Novum meaning new. 


Lang went to the Augsburg shops in Germany to 
learn his trade as a machinist and fortunately for 
him was one of those who were assigned to help 
Rudolf Diesel during the experimental period of 
the diesel engine. It will be remembered that 
Diesel said of him that Lang had the “‘feel of the 
engine.” When commercial production of engines 
began, Lang became the foreman of the test floor 


and became regarded as one of the experts. 


Of an inventive temperament, as early as 1910 he 
was experimenting with a very small diesel engine 
with a cylinder 1-9/16 in, diameter by 3-15/16 in. 
stroke. At the shop he worked on an engine of 
2000 hp. per cylinder, and at home the midget. 
The engine had pump injection of fuel. Even 
though nothing commercial came of it at the time, 
Lang was getting ideas. 


By the early 1920s, Lang had developed the Acro 
engine which was acquired by Robert Bosch. After 
helping to develop the Bosch injection pump and 
leaving Bosch, Lang turned his attention again to 
the small engine and its combustion chamber 
problems. This was in 1926. 


By 1929, Lang had what was the beginning of the 
present Lanova combustion chamber system. In 
that year he converted an automobile engine to 
that system and operated the engine in the auto- 
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Right: The late Henry Ford and Franz Lang in the Lang 
laboratory. 


t mobile. Shortly after that, Buda was the fist 
builder in this country to make use of this con- 
bustion system. 
ELECTRO-MOTIVE 
The railroads used this company’s rail cars as cost 
| reducers in conventional railway service; traile:s 
were added to the motor cars and even freight 
Simpson-Supra car with its engine converted to Lanova elie: 
: Combustion System. cars were hauled. This created a demand for 
' more powerful engines. The original engine had 
[e been rated at 175 hp. In 1925, the cylinder bore 
was increased, raising the power to 220 hp. Later 


in that year a larger engine produced 275 hp. 
In 1927, Winton produced an engine with 300 
hp. in six cylinders and 400 hp. in eight cylinders. 
By using two engines, anything up to 800 hp. 
could be supplied in one car. The electrical 
equipment had to be redesigned to suit and to 


Below: 900 hp. articulated Electro-Motive rail car delivered to 
Santa Fe December 1932. 


overcome service troubles that had developed. 
By the end of the 1920s, the rail car period was 
drawing to a close. The company had built some 

500 motor cars but the cost of the gasoline for ( 
the higher powers then demanded made such en- 

gines prohibitive. So distillate engines were intro- 

duced. The most impressive distillate installation 

was a 900 hp. engine in a Santa Fe power car. ~ F 


But on the whole, the distillate experiments were 


disappointing. 


In 1929, the Chicago and Great Western rebuilt 
three old lightweight McKeen motor cars into the 
first streamlined train and installed a 300 hp. 
engine with electric transmission from this com- JOUr SPE 


CMM AGO 


pany. 


AMERICAN LOCOMOTIVE hese s 


By 1928, the diesel-electric ship had become prom- 
Mcintosh & Seymour 8-B-40-24 marine engine—1928. inent in the shipping industry and the 8-B-40-24 ¥ VER 
engine was designed particularly for this service 


being a comparatively light weight and high speed 


engine. The eight cylinder engine was rated 1500 PARTS 
bhp. at 250 rpm. Later models were rated 200 


hp. per cylinder at 300 rpm. The bore of this ROU! 


engine was 20 in. and stroke 24 in.- The base was 


designed so that the center line of the crankshaft 
was close to the foundation bolt flange, which 
of course reduced the over-all heigth of the en- 
gine. The frame extended from the base to the 


underside of the cylinder head and contained the 


f Wi ¢ a cylinder liners and water jackets. A Massey-Jahns ETAL 


governor was used for speed control. 
McIntosh & Seymour V-12 locomotive engine for N.Y.C. Locomotive #1500—1929. 
For the larger locomotive there was designed and SUBSIDI, 
built in 1929 the 12-V-28 engine which was in 
tended essentially for locomotive service. This 


engine had a bore of 14 in., stroke 18 in., rated 
910 bhp. at 110 rpm., four cycle air injection V 


type in twelve cylinders. It was placed in New 
York Central Locomotive #1500. The entire loco 
motive was built by the American Locomotive 


Company. 


In 1930 the McIntosh & Seymour Corporation 
was purchased by the American Locomotive Com- 
pany. The first solid injection diesel engine built 
was the 6-L-19-S which was designed and built 
for locomotive use. This engine was rated 100 hy 
at 700 rpm., 914 in. bore, 1014 in. stroke, four 
cycle, six cylinder in-line. 

And now please turn to page 148... .. 
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N.Y.C. locomotive #1500, powered by the first 
Mclntosh & Seymour !2-V-28 diesel—i929. 


Busch-Sulzer 3750 Be. mechanical injection diesel 
ers, 


with 30” x 42” eyli largest of its time—1930. 


Eight-cylinder, 2400 bhp., Type DH-27 Busch- 
Sulzer engine. 


This type of engine incorporated many modern 
and up-to-date designs wherein the engine was 
totally enclosed with forced feed lubrication. The 
crankshaft was seated in the main base and the 
base extended from the foundation to the lower 
end of the cylinder liners. The frame, which was 
mounted on the base, included the power cylinder 
liners and the water jackets. The generator was 
installed on a flange of the base, making a very 


rigid unit. 


The first B-32-20 engine was built in the six cylin- 
der model. However, at a later date, this unit 
was built in the three and eight cylinder models. 
This engine had a 16 in. bore, 20 in. stroke, and 
was rated 750 bhp. at 360 rpm. in the six cylinder 
model. 


The first supercharged diesel engine was supplied 
to the City of Winterset, lowa, in 1930, and was 
of the standard 5-B-35 type with a Roots blower 
belt driven from the engine to provide the super- 


charging air. 


BUSCH SULZER 


In 1928 a smaller air injection 4-stroke cycle en. 
gine was introduced by this company, which auto 
matically became the Type F. The picture show 
this particular design and the following table gives 
the principal dimensions and engineering char- 


acteristics: 
Bore No. of 
and Stroke Cyl. 
Type Inches Cycle inders Rpm. Bhp. 
3-F-17 124%, «17 4 3 300 165 
4-F-17 124,x17 4 4 300 220 
5-F-17 12144,x17 4 5 300 275 
6-F-17 124, x17 4 6 300 330 


scar 4 | 


Type F four-cycle engine with cylinder block construction, 


Before the end of 1928 it was realized that the 
engine had too low a rating for its cost, and » 
the cylinder diameter was increased to 13 in. and 
the speed to 360 rpm., thus affording a rating oj 
75 hp. per cylinder. Only a few of these engine 
were built and sold because mechanical injection 
was rapidly forging ahead. 


In 1929, Busch-Sulzer attempted to build a pr 
combustion chamber, airless injection engin 
known as the Type “AE,” basing much of the de 
sign on a model developed by Sulzer Brother 
The engine was considered unsatisfactory and the 
idea was abandoned. The experimental work haé 
been conducted on a 6 cylinder type “E,” 14, 
in. x 21 in. engine to operate at 300 rpm. 


About this time, the company obtained a licens 
to use the Hesselman system of mechanical inje 
tion and applied the first one to the 2-D-11 engine 
that was built back in 1920. The results wer 
quite satisfactory as far as shop tests showed. An 
order was then taken from the Tucson Gas & 
Electric Co., of Tucson, Arizona, for a 3750 hp 
unit. It was the “C” type as shown, with solié 
injection and was scavenged by an electric moto! 
driven turbo-blower. At the time that this engine 
was designed and built, it was the largest bor 
solid injection engine ever made. The ‘Tucsot 
plant already had two 6-C-30 x 42 air injectior 
engines and reciprocating scavenging pumps. 


The year 1930 brought a very very radical chang: 
in the design of large engines since the 30 in. \ 
42 in. Type “C” was very costly due to its “big 


Puget Sound Ferry, “Kalakola,” with Busch-Sulzer 300 


bhp. main engine. 
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ness.’ its slow speed and its heavy crosshead con- 
struction. That year saw the introduction of the 
type “DH” engine, the designation coming from 
the words Direct injection—Hesselman. This en- 
gine was evolved as a 191% in. x 27 in. and de- 
signed to operate at 240 rpm., to bear a rating 
of 300 hp. per cylinder, to have oil cooled trunk 
B pistons, and be patterned after the latest European 
designs. Up to seven cylinders the cylinder jacket 
was cast enbloc and it rested upon individual “A” 
type cylinder supports that, in turn, rested upon 
an individually cast bedplate. This entire assem- 
bly was held together by alloy steel through bolts 
running from a pocket deep in the bedplate to 
the top of the cylinder block. There were two 
such bolts straddling each main bearing. The first 
of these engines was built in ten cylinders, rated 
3000 bhp., and was sold to the City of Freeport, 
New York, where Busch-Sulzer already had several 
of the Type “C” engines of the 17 in. x 27 in. size. 
The engine as offered with either motor driven 
turbo-blower scavenging pump or a gear driven 
Roots type blower. In the latter case, one blower 
for each two cylinders was mounted on the cylinder 
supports on the back of the engine. The picture 
shows this design of engine and the following is a 
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1931 when it was converted to mechanical injec- 
tion, employing the Hesselman system. Two en- 
gines were built for the Sternberg Dredging Com- 
pany of St. Louis, Mo., but gave considerable 
trouble due to overloading. The company sought 
to correct the difficulty by dismantling both en- 
gines, installing cylinders of 1514 in. bore (instead 
of 1434 in.), and increasing the engine speed from 
257 to 300 rpm. This design change was the last 
thet was ever applied to the “E” type engine and 
it was offered in five to eight cylinders at !75 hp. 
per cylinder until the close of World War II when 
the design was abandoned. During World War II 
the company needed additional power in its own 
generating plant and having some Type “E” parts 
on hand built one last engine, fitted it with 
Bosch type fuel system and gave it a rating of 
900 hp. The engine takes its turn in the Busch- 
Sulzer power plant whenever required. 


In 1931 and 1932, the Type “F” engine was con- 
verted to mechanical injection employing the Hes- 
selman system and the illustration shows the en- 
gine so arranged. Thus originated the Type “DF” 
engine. At that time one engine was built for the 
Puget Sound Navigation Co. of Seattle, Washing- 
ton, to drive a direct connected generator and a 
built-in maneuvering air compressor—hence the 
alphabetical designation “DFEC.” The “DF” sizes 
were continued up to eight cylinders as formerly 
and rated 75 hp. per cylinder. However, the new 
through bolt construction and Bosch fuel system 
was added to this small unit and continued until 
the company was taken over by the Nordberg 
Manufacturing Co., in 1946. The engine was 
costly to build but did an outstanding job on the 
oil pipe line and in the few electric lighting 
plants that were sold. 


Below: Details of Price-Rathbun oil engine fuel system. 


al 


Buckeye Model P engine with alternator—1929. 


BUCKEYE 


In 1929, the company discarded the horizontal 
two cycle semi-diesels they had built since 1917, 
and developed a vertical four cycle engine, the 
Model P. It was a full diesel with mechanical 
injection of fuel, using the Buckeye system and 
their own governor. With 13 in. by 18 in. cylin- 
ders, the engine produced 60 bhp. per cylinder at 
300 rpm. and a bmep. of 75 Ibs. It was made 


Above: Side view and section showing camshaft chain 


drive of Rathbun-Jones engine. 
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Rathbun-Jones engine with 150 kw. de generator in 
industrial plant. 


available in from two to six cylinders. As the 
illustration shows, it was fully enclosed with the 


camshaft in the crankcase. 


These first engines of this model were successful 
and over the next several years the company con- 
tinued to improve them in the details. This model 


of engine was discontinued in 1935. 


RATHBUN JONES 


In 1929 the company started to develop its present 
line of engines. Several cylinder sizes are built 
in from three to eight cylinders and the six, seven 
and eight cylinder engines are offered for marine 
service. The design of all of them is similar. 


The cylinder block and upper crankcase are com- 
bined to form a one piece frame, with separate 
cylinder liners inserted from the top. The individ- 
ual cylinder heads have the Price combustion 
chamber in the lower part and are bolted together 
along the engine to provide continuous passages 
for the intake and exhaust, so that there are no 
separate headers. The camshaft is at the side of 
the engine at the top and is driven by roller chain 
from the crankshaft; the chain tightener tightens 
both sides of the chain at the same time. ‘The 
single fuel injection pump with governing valve 
and distributor are retained. The details of all 


of these items are clearly shown in the pictures 


INGERSOLL RAND 
The diesel-electric locomotive business developed 
slowly as naturally would be expected where the 
purchaser was engaged in selling service, and reli- 
ability of operation was of paramount importance. 
Orders were received for one or two units at a 
time until 1930, when the diesel-electric locomo- 
tive came into its own with an order from the 
New York Central Railroad for 44 Ingersoll-Rand 
units. This was the first big locomotive order re- 
ceived from the railroads, and even today stands 
up well in comparison with orders that are being 
placed. This large order of diesel locomotives en- 
abled the New York Central entirely to rid itself 
of steam locomotive operation in New York City, 
especially in its operations on the West Side where 
the tracks in many cases run in the streets. Many 
of these locomotives were unique in another way. 
They could obtain their power from the third rail 
when operating in the electrified zone, from the 
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Sectionalized cylinder assembly of F-M Model 32 engine. 


diesel engine, or from a storage battery, as the 
occasion demanded. These locomotives were an 
interesting example of the adaptability of the 
diesel engine. Their power was available at any 
time by simply pressing a button, and there were 


no standby losses when they were not in use. 


Although these engines were only of 300 hp.. many 
locomotives were built of 600 hp. by using two 
engines in the one locomotive. For switching 
operations where the locomotives of that day were 


used, these combinations provided ample power. 


About this same time the line of stationary engines 
was redesigned. ‘The camshaft was moved to the 
top of the engine and the inlet and exhaust valves 
operated by rockers, the valve gear and whole 
engine was fully enclosed, and a roller chain drive 
adopted for the camshaft. Inlet and exhaust headd- 
ers were abandoned and longitudinal passages the 
length of the engine through the bolted together 
cylinder heads carried the gases. For the injection 
of the fuel, a single plunger pump with a dis- 
tributor was retained. And the engines had the 


Price combustion chamber. 


FAIRBANKS-MORSE 


A major development in the company’s diesel 
engines started in 1928, was worked out and ap- 
plied in 1929, This was the change from two-stage 
combustion chambers to the “open head” with 


differential spray nozzles. This improved the fuel 


rate, the power capacity and general performace 
This is shown in the sectional view of the Mode} 


32 engine cylinder. 


This development was followed early in 1931 by 
a change in the speed and rating of the Mode! 32 
engines. The 12 in. x 15 in. was changed from 
300 to 360 rpm. and the rating increased fiom 
1 to 55 hp. per cylinder. The 14 in. x 17 in. was 
speeded from 257 to 300 rpm. and racing from 
60 to 70 hp. per cylinder. Performance and reli. 
ability proved excellent and the fuel guaranty was 
reduced from 0.45 to 0.40 Ibs. per bhp. hour. 


‘The Model 47 was developed in 1932 in II in. x 
15 in. 12 in. x 15 in., 13"in. x 18 in. and 14 in. x 
18 in. evlinder sizes, and in 1 and 2 cylinders for 
oil field service on either gas or fuel oil. It was 
a two-cycle. semi-diesel with the power pistons 
acting as scavenging pumps. Crosshead type of 
construction was used, with scavenging chamber 


separated from the crankcase. 


\ctive development work was in progress during 
1933 on a small higher speed four-cycle diesel for 
marine, electric and general use. This resulted 
in going into production on a 414 in. x 6 in. 
Model 36 speeded at 1200 rpm. It was built in 1, 
2. 3 and 6 cylinder sizes and rated at from 10 to 
60 hp. It was proven out in 1934 by many suc 
cessful installations. The picture shows this engine 


as a 60 hp. six-evlinder AC electrical set. 


\ larger size with 51 in. x 714 in. cylinder Modei 
36 was developed during 1934 and put into pro- 
duction early in 1935. The illustration shows this 
size as a six-cylinder marine diesel with reverse 
and reduction gear. This size of cylinder was 
designed for conversion from diesel to gas opera- 


tion by changing several major working parts. 


An important and major development in = 1933 
was the opposed piston engine. This was designed 
as a light-weight, powerful engine for railroad or 
marine service. This work was continued inten- 
sively throughout 1934. The first engine built and 
tested as a 4 in. by 4 in. Later, two larger engine 
sizes were built, a 5 in. x 6 in. six-cylinder speeded 
1200 rpm. rated at 300 hp.; and an 8 in. x 10 in. 
eight-cylinder rated at 1000 hp. at 720 rpm. The 


5 in. x 6 in., after long and severe shop tests was 


F-M Model 47 horizontal semi-diesel—1932. 
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Six-cylinder, 60 hp. F-M engine-generator set-—1934. 


F.M opposed piston engine-generator set for Milwaukee rail car—!934, 


F-M Model 36A marine engine with reverse gear—1935. 


The F-M 8”x!0” opposed piston diesel of 1934. 


installed in a C. M. St. P. & P. 
into regular railroad service, where its success for 
The 8 in. x 
10 in. was also given exhaustive endurance tests 


rail car and put 


railroad use was soon demonstrated. 


in the factory in 1934 and so successiul was it that 
important orders for both sizes resulted for the 
U. S. Navy, particularly for submarine service. A 
notable feature was the use of an upper and lower 
crankshaft. These were connected by a_ silent 


chain but later was changed to a vertical shaft. 


The picture shows the 5 in. x 6 in. six-cylinder 
unit with generator, as installed in the C. M. St. 
P. & P. rail car. Also shown is the first 8 in. x 10 
in. eight-cylinder OP engine, later designated 
the Model 38. 


In 1929 two diesel engines were installed in the 


yacht Olive K for C. F. Kettering. 
had unit fuel injectors and this was the first prac- 


These engines 


Original 8-cylinder engine installed in the first pean streamlined diesel train—the Burlington 
Zephyr. 


tical application of them. Winton had been work- 
ing on the development of a unit injector. 

While the application of marine diesels continued, 
the company had become active in the railway 
field by supplying engines to the Electro-Motive 
Corporation. 


As of June 20, 1930, General Motors Corporation 
acquired Winton Engine Company, which was the 
outgrowth of The Winton Gas Engine and Manu- 
facturing Company founded in 1912. General 
Motors operated the property under the name of 
Winton Engine Corporation and Winton Engine 
Manufacturing Corporation until December 30, 
1933. From that date General Motors operated 
the property as Winton Engine Division, until 
December 17, 1937, when the name of the Division 
was changed to Cleveland Diesel Engine Division. 


Late in 1930, The Winton Engine Corporation 
submitted blueprints of the top and bottom halves 
of a Winton Model 138 diesel engine to Luken- 
weld, Inc., with a request that the structures be 
considered for re-design in welded steel, with a 
view to eliminating breakage of cast sections that 
had occurred in the past, and also to effect any 
reductions in weight that might be feasible. 


Designs were submitted to Winton, and in March, 
1931, an order was placed with Lukenweld, Inc., 
for welded steel samples of the two components. 
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They were delivered in May, 1931, machined in 
the Winton plant, and placed in service in an 
experimental power house engine which supplied 
part of the current for operation of the Winton 
plant. This engine, with its pioneer welded steel 
frame, has been in continuous operation up to 
the present time, without trouble of any kind. 
It is believed that these welded structures com- 
prise the first welded steel diesel engine frame in 
the world in which the gas load from the cylinder 
crankshaft were tied together 


head and_ the 


through a weld. 


After this company had been acquired by General 
Motors in 1930, experimental work on the fore- 
runners of the present line of two cycle engines 
became very active. The first tangible evidence 
was the showing of a General Motors 2-cycle 
diesel engine at the Century of Progress Exposi- 
tion in Chicago in 1933. This engine embodied 
a number of refinements that General Motors had 
been working on for several years, such as steel- 
type construction, uniflow scavenging and unit 


fuel injection system. 


An 8-cylinder engine of this type was installed 
in the first diesel-powered American streamlined 
train—the Burlington Zephyr, and 12-cylinder and 
16-cylinder engines of similar design were installed 
in other high-speed, streamlined passenger trains. 
The engine had a bore of 8 in., stroke 10 in. and 
the first unit was rated 600 bhp., 400 kw., 720 rpm. 


Winton Model 201A, V-12 engine—900 bhp at 750 rpm. 


The first engine built in 1933 was an _ in-line 
engine, and the eight, twelve and sixteen cylinder 
V type engines followed in 1934. The twelve and 
sixteen cylinder units were rated at 900 and 1200 
bhp. respectively. All of the V engines ran at 750 
rpm. These were known as the Model 201A and 
were the forerunners of the present line of 278A 
engines. The first V engine, an eight cylinder 
unit, was installed in a Union Pacific railcar; this 


was in July 1934. 


The unit injection system employed in this engine 
is a simple and rugged device developed by Gen- 
eral Motors for accurately metering and injecting 
fuel oil into the combustion space at exactly the 
proper time. One easily removable injector for 
each cylinder provides each cylinder with a com- 
plete and independent high pressure fuel injection 
system and at the same time eliminates objection- 
able high-pressure fuel lines. 


Each injector is actuated from the engine cam- 


shaft by a rocker arm. Rotation of the constant 
stroke injector plunger by the throttle control 


j 


First streamlined train powered by a General Motors, distillate engine—1934. The Union Pacific 
“City of Salina." 


regulates the quantity of fuel injected and _ pro- 
vides an instant response to variable speed and 
power demands. The injectors are cooled by a 
fuel 
through the low-pressure fuel lines from the at- 


continuous through-flow circulation of 
tached, engine-driven, positive displacement fuel 
oil service pump which takes suction from the fuel 
oil tank. The unit injector provides high injec- 
tion velocity, finer atomization, and complete and 
immediate burning of fuel which result in the 
ultimate of economy. 


Engines of this same general type have also been 
installed in a large number of United States Navy 
vessels, the first application being in a United 
States Navy submarine in 1935. 


ELECTRO-MOTIVE 


The beginning of the depression brought an end 
to rail car orders. The company had to find an 
engine that would use a low cost fuel and that 
would offer powers higher than the prevailing 
top of 800 hp. if it was to continue. It turned to 
diesel engines, but the lightest Winton diesel 
weighed 60 Ibs. per horsepower. The company 
felt that something like 20 Ibs. was nearer what 
was needed. An attempt was made to develop 
such an engine and the first weak point proved 


The original 3600 hp., “Super Chief" | ti 


d 


to be the common rail fuel system used. So the 


unit injector was conceived. 


By the spring of 1930, the diesel developmen 
work at Winton had progressed far enough » 
that General Motors considered acquiring the com 
pany. This was done that summer. The logical 
conclusion was to acquire the Electro-Motive com 


pany as well, and this deal was concluded of 


December 31, 1930. 


General Motor’s research laboratory took over the 
problem of developing a suitable diesel engine 
at once. 

Late in 1932, the Union Pacific decided to buili 
an articulated three car high speed streamlined 
train in an effort to win back some of the passen 
ger business it had lost during the depression. 4 
twelve cylinder V type 600 hp. distillate engine 
was chosen for power, although the diesel engine 
was considered. The order was placed for thi 
power plant on May 24, 1933. 


The Burlington also decided to build a stream 
lined train and on June 17th placed an order for 
a 600 hp. diesel of the new General Motors type 
the Winton 201A for its Pioneer Zephyr. 


igned and built by Electro-Motive, delivered 


September, 1935. 
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First American streamlined diesel train, Burlington Lines’ Pioneer Zephyr—1934. Propulsion machinery 
by Electro-Motive. 


The Union Pacific quickly followed its earlier 
order for the distillate engine by an order for 4 
twelve cylinder 900 hp. diesel engine for another 
streamlined train of six cars. This order was 
placed on June 30, 1933. And this railroad noti- 
fied Electro-Motive that they proposed to build a 
fleet of full sized streamlined trains and would 
need more power. This meant that Winton had 
to undertake the development of the sixteen cylin- 
der 1200 hp. diesel engine at once. 


In February 1934, the Pioneer Zephyr was finished 
and was making an exhibition tour of the coun- 
try. And in that same month came the first con- 
sideration of building full sized diesel locomotives 
which would interchange in service with the ex- 
isting steam locomotives. The idea was to build 
modified steel box cars to house the new diesel 
engine generator units with traction motors on the 
swivel trucks. Soon afterward, it was decided to 
proceed with the building of such a unit. 


On May 26, 1934, the Pioneer Zephyr made its 
dawn to dusk run from Denver to Chicago, a dis- 
tance of 1015 miles at an average speed of 77.6 
miles per hour. 


In the summer of 1934, the company took a con- 
tract for two 600 hp. switchers for the Lackawanna 
railroad. 


By this time the company felt that if it was going 
to be successful in the diesel locomotive field, it 
would have to build standardized units and apply 
mass production manufacturing methods. This 
would cut the first cost and help the service situa- 
tion And the railroads accepted the idea. 


After considerable discussion, it was decided to 
buili a separate manufacturing plant for the 
‘omjany where it could make its own products. 
It was in January 1935 that the plan was ap- 
Proved and the money was appropriated for the 
beginning of what is now the plant at La Grange, 
Illinois. 
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And in 1935 the early streamlined trains were put 
into service and the demonstrator two unit loco- 
motive of 3600 hp. was completed in June and 
By fall it 
was recognized that high speed passenger diesel 


started its trials on various railroads. 


locomotives would have to be developed. 


FUEL INJECTION 


By the early 1930s the trend towards higher speed 
and higher output engines was so urgent that it 
concentrated attention on the fuel injection spray 
nozzles. 


In an attempt to obtain better and smoother com- 
bustion, so called preinjection nozzles were tried. 
They gave a smali initial injection ahead of the 
main fuel charge. Combustion was started grad- 
ually. The first of these was proposed as early as 
1915 but in 1930 and the following years there 
were several types proposed. They served their 
purpose but were too complicated to be commer- 
cially satisfactory. They were important as a 
trend. 


At about this time, builders of common rail fuel 
injection engines were finding that this method 
was not suitable for higher speeds of revolution. 
So attempts were made to get rid of the mechani- 
cally operated spray valves which were giving the 
difficulties. Atlas Imperial tried the magnetically 
opened valve. This method had been first pro- 
posed in 1910 by Thornas T. Gaff, and followed 
by many other inventors who had. tried to im- 
prove on the details of the original idea. Finally 
Harry E. Kennedy in 1931 applied for a patent 
on a type of electro-magnetic valve that was prac- 
tical and successful. However, they were used 
only a short time on commercial engines because 
of the relative expense of-them required the addi- 
tion of electrical equipment to the engine. 


Some special forms of injection pumps were tried 
by the individua! engine builders in order to 
give a quick smooth fuel injection at high speed, 
but none of them survived commercially. 


Another builder of common rail engines, the 
Winton company, turned to the so-called unit 
injector for the solution of his difficulties. The 
unit injector combines the fuel injection pump 
with the spray nozzle in one assembly in the cylin- 
der head. The earliest form of such an arrange- 
ment was shown by Carl Weidman when he filed 
a patent in Germany in 1905. But the earliest 
form which resembles present day units was de- 
scribed by Frederick Lamplough in an English 
patent application in 1910. 


In this country, C. D. Salisbury of Winton intro- 
duced the idea in 1931, and in 1933 Arthur Fielden 
of General Motors applied for a patent on a unit 
injector which embodied the main ideas of the 
General Motors unit injector of today. 


An engine that was originally designed for a unit 
injector was the Murphy diesel. 


MURPHY DIESEL 


The Murphy Diesel Company was formed in 1932 
and put on the market at that time a 4 cycle 
“true” diesel engine. It had such unusual innova- 
tions as unit fuel injection, the plain open com- 
bustion chamber, precision bearings and through 
steel tie bolts from the bearing caps through 
the head. To the best of our knowledge all of 
these features were completely new when intro- 
duced by Murphy. Further in 1938 Murphy intro- 
duced the oil cooled piston in which a stream of 
oil is sprayed against the underside of the piston 
head to aid in cooling and prevent excessive heat 


reaching the rings. 


Packard car powered with Cummins engine—first auto- 
motive diesel application. C. L. Cummins at the wheel. 


CUMMINS 


By 1929 the early development period and the 
brisk business of the 1920s was over, so it was 
decided to try the automotive and industrial engine 
fields. To gain some experience, a four cylinder 
engine was installed in a Packard 8 car. The job 
was finished and the first run with the diesel 
engine was made on Christmas morning 1929. This 
more than astonished the natives, it was a notable 
event; Cummins had entered the automotive field 
as later developments were to prove. 


The Packard ran so well with the new engine, 
that Cummins decided to drive to New York to 
the Annual Auto Show. That he did over the 
following weekend, at a total fuel cost of $1.38. 
But fuel was cheaper in those days. 


He failed to gain admittance with his car to the 


Show, so undaunted he drove to Detroit to the 
Annual Meeting of the Society of Automotive 


~ 0 
— 
acific | 
| 
| 
% 
+ 
we 


Gontest 


American Antomobile Association 


CERTIFICATE OF PERFORMANCE 


that af 


BEACH ZLORIDA 


a DIESEL BACTIUG CAR 


of 


dawen 


timed _ 


(meme overage of beth 


over MEASURED MILE. average of 100.755 _mifes per Rx. 


2487 
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American Antomobile Association 
CERTIFICATE OF PERFORMANCE 
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of manufactured by — 
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) 
dawen by 


over the 22% an average of 23.170 miles per Rs. 


Sandon No. 


2492 


J 
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of the Bears 


Diesel car establishes distance record in its class—1!931. 


The Indianapolis Speedway car in the 1931 race. 


The transcontinental truck with Cummins diesel that made the 
14,600 mile endurance run on the Speedway. 


Left: Certificate of Cummins diesel-engined truck endur- 
ance run. Note "Eddie" Rickenbacker signed these cer- 


tificates. 
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Gontest 
American Antomobile Association 
om CERTIFICATE OF PERFORMANCE 
that 
A Cummins-Diesel® powered racing car 
aes Driven by William Cummings, AAA Reg. Wo. 1 - '35 
at 
pet x. Daytona Beach, Florida, U.S.A. 
Ratablished American Diesel-class Unlimited Records 
Por the distances and tines shown below. 
Distance 
Merch 1, 1935 - 1 Mile 0127.05 133.923 
5 Miles 2240.60 112.979 
5 Kilometers 1:28.075 126.990 
March 2, 1935 - 1 Kilometer 0:17.36 136.731 
1 Mile 0:26.24 137.195 
ages © Six cylinders; Bore, 4 7/8 in.; Stroke, 6 in.; 671.95 cubic inches 
P ** Mean average of two runs in opposite directions 
~ 
he Danclion No. 


a The Cummins diesel racing car at Day- 


ar tona Beach got up to 137.195 mph. 


Engineers held the second week in January 1930. 
The success and publicity gained brought the 
decision to make a careful survey of automotive 
requirements. ‘The result was the design and 
development of the Model H engine. 


To give this first H engine a thorough test, it was 
installed in a stripped Duesenberg roadster and 
taken to Daytona Beach, Florida for trials. On 
February 7, 1931, a speed of just over 100 miles 
per hour was officially clocked for this «car. 


le the 


With the Daytona speed record back of him, 
Cummins decided to enter the racer in the In- 
dianapolis Speedway Memorial Day Classic. This 
car made the entire 500 mile distance without 
stopping for fuel and attained an average speed 
of over 86 miles per hour. 


That proved the power and speed of the engine 
but not the endurance. So in July 1931, the 
engine in a test truck made the trip from New 
York to Los Angeles in 9714 hours at a total fuel 
cost of $11.22, an important over the road record. 


All this gave much valuable experience in know- 
ing what was needed for an automotive engine, 
and plenty of publicity. The year 1931 marked 
the real beginning of the refinement of the engine 
design. Cummins was in the automotive engine 
business, 
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Right: Close-up of Cummins engine in 
Auburn car showing fuel injection dis- 


tributor. 


But more experience was wanted, so in December 
of that year, the test truck made 14,600 miles on 
the Indianapolis Speedway without stopping the 
engine. _This was a gruelling test for engine and 


opera tors. 


The test bus trip from coast to coast was in 1933, 
3220 miles in a little over 78 hours. This engine 


was a six cylinder Model HA. 


An engine was installed in an Auburn automobile 
for road test experience, and in 1935 another 
speed run was made at Daytona Beach, this time 
at over 137 miles per hour maximum. 


One of the essential features of the Cummins en- 
gines is the distributor type fuel injection pump 
system. Years were spent on its early development, 
application for patent was filed in 1930, and the 
patent was granted and issued in 1935. 


The story since then has been the development 
and refinement of the Models H and L engines. 
The addition of the positive displacement rotary 
blower has brought supercharging and more horse- 
power. Dual intake and exhaust valves have 
added to the power output and engines with them 
are known as Model NH. As customers put the 
engines to new uses, application problems were 
brought back to the factory. Quality control, espe- 


cially in the manulacture of the fuel injection 
equipment, has been given increased attention. 
An experimental laboratory was built in 1940 to 
help the company meet its design and application 
problems and to provide means of thoroughly test- 
ing engines right in the factory. Special attention 
has been given to operation of engines in very 
cold temperatures and the difficulties involved 
during such operations. 


WAUKESHA 

It was in 1926 that the company started its inves- 
tigations of the diesel engine. The problem was 
to adapt the diesel principle to their uses, to de- 
velop an engine using fuel oil to suit the markets 
where their products were being sold. This labora- 
tory work continued for several years before the 
company felt ready to produce such engines com- 
mercially. But during this period, research work 
on fuels established the principles of measuring 
ignitability in 1929. 


In 1931 the company introduced the Waukesha- 
Hesselman oil engine for industrial work. This 
type is a low compression, spark ignition engine 
which uses fuel oil. The illustrations show the 
first one of these engines both from the magneto 
and from the fuel injection pump sides. One of 


CUMMINS DIESEL ENGINE TEST BUS. COAST-TO-COAST TO. ~ 
The test bus with Cummins diesel that made the coast to coast trip. oy o 
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The first American-built (Waukesha) Hesselman engine. 


the earliest applications of this type was to drive 
Ingersoll-Rand air compressors of the portable 
type. The pictures show the first unit of this sort. 


This type of engine soon proved popular as a big 
timber logging engine and for use on excavating 
machinery and such uses. 


During this same period, work was underway on 
gasoline fuel research. In 1928, a group of fuel 
producers and engine manufacturers who had 
earlier formed the Co-operative Fuel Research 
Committee assigned the problem of developing a 
test method and equipment for knock rating to a 
Detonation Sub-Committee. This latter group 
established the essential requirements and Wauke- 
sha developed the equipment and details of the 


Above, left: Engine shown top of page 
installed with portable air compressor. 


Left: Ignition side of first American-built 
Hesselman engine. 


Left: Close-up of injection pump and balanced air ad- 


mission valve on Hesselman engine. 


procedure. By 1931, the engine and the meth d 
had been approved by the fuel committee and tie 
testing equipment was ready to use. With sor ie 
modifications to suit changed conditions, this 
equipment is still the standard for this work. 


It was in about 1931 that the question of die-el 
fuel ignition temperatures began to assume iin 
portance. Research workers in this country and 
in Europe had been studying ignition tempeta- 
ture, ignition lag, and combustion characteristics 
of various fuels and the need for coordinating the 
results was beginning to be felt. It was natural 
for Waukesha to explore the adaptation oi its 
gasoline testing engine and equipment to the test- 
ing of diesel fuels. A variable volume combustion 
chamber was developed along with suitable in- 


Opposite side of unit shown left. 


Waukesha railway car air conditioning unit rolled out 
for inspection. 


Above, left: Waukesha CFR Cetane Rating unit. 
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he (Co-operative Fuel Research) Cetane 
s work. rating Unit. It has become standard equipment 
y this sort of work. 

on of die-el 
assume ivn- fp 1935, the company introduced the first engine 
ountry and fBriven railway air conditioning and lighting gen- 
yn tempei- 


aracteristics 


yator units with the engines operating on bottled 
propane gas. These units are carried under rail- 
dinating the Jey cars and arranged to be rolled out into open 
was natural [pr inspection and servicing. Such units have been 
ation of its fpidely used and on many railroads. 
to the test- 


combustion § 1937 came the first direct driven engine units 


suitable in- fr air conditioning buses and for refrigerating 


bucks and trailers. 


CATERPILLAR 
he story of this company and the adaptation of 
e diesel to its purposes begins in the early 1860s 
hen young Daniel Best went from Keokuk, lowa, 
» Oregon by wagon train and young Charles 


olt of Concord, New Hampshire, went to Cali- 
bmia via Panama on a tramp steamer. 


est tried his hand at several things and finally 
vented a grain cleaner which was a success. He 
hoved to Oakland, California and began manu- 
cturing it. In 1883, he bought a grain cleaning 
lant in San Diego and moved it to San Leandro. 
le was soon in the combine field and, needing 
better source of power than horses or mules, 
gan to make steam traction engines. 


Holt worked as a clerk until he had saved enough 
honey to go into the hardwood lumber business. 
rom that he went into the making of wagons, 
aving the hardwood for the wheels shipped to 
im from his father’s mills in New Hampshire. 
m he needed the help of his brother Benjamin 
operate the factory in Stockton he had estab- 
shed in 1883. In 1886, the brothers placed a 
bmbined harvester on the market. In order to 
ork the immense areas of the soft delta soils of 
¢ Sacramento and San Joaquin valleys to ad- 
antage, combines of 24 to 32 feet in width were 


a wilt. And to haul these, steam traction engines 


tre built. 


) 1889, both the Holt and Best companies were 


ilding steam tractors which weighed up to 400,- 
"lbs. To support this weight on the soft soils, 
‘eral wide eight foot diameter wheels were used 
leach side of the machine, but there was diffi- 
lty in turning such machines. So in 1891, Ben- 
min Holt invented and patented a clutch steer- 
g dev ce involving a principle which is still used 
e the present day track type tractors. Also in 
M1, the Holt brothers entered the traction engine 
siness 


Was in 1904, that Benjamin Holt tried the “plat- 
™m” wheel and applied it to a steam traction 


gine. it was an immediate success and the track 
Pe tractor was born. Soon after that, the steam 
‘ie was replaced by the gasoline engine. In 
"8, the first track type tractor fleet was ordered 
"the work on the Los Angeles aqueduct. And 


init rolled out 


ating unit. 


EL 1945 


The second Caterpillar gasoline tractor—1908—does a thriller. 


five years later when C. L. Best, the son of Daniel, 
entered the track type tractor business, competi- 
tion between Holt and Best began in earnest. 


The use of such machines spread over the United 


States and to foreign countries. Agriculture, road 
building, logging and general construction claimed 
its services. The military found it useful in World 
War I. 


In 1925, the Holt and Best organizations com- 
bined to form the Caterpillar Tractor Company, 
and the main operations were centered at Peoria. 


The combined resources of the two old companies 
were now concentrated on building better and 
more tractors. Among the improvements consid- 
ered was the use of the diesel engine, so experi- 
..... And now please turn to page 168 


First Caterpillar diesel engine—1931, in a power unit. 


y @ 
Best steam tractor and combine harvester built in 1896. Daniel Best looks on from the buggy. 3 jets. 
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ENGINE CONTROLS 


R 
| Users of industrial, ma- 

| rine and automotive 
eS type diesel engines all 
| : = over the world know 
, from experience the 
= greater dependability, 
| better and more eco- 
| plus complete protec- 
tion, provided by SYN- 
CHRO-START Automatic 
and Semi-Automatic 
Controls 


The list of these users 


reads like a Who’s Who 
of these fields. 

Your diesel engines 
can be ordered with the 
proper SYNCHRO-START 
Equipment from the en- 
gine manufacturer or 
the controls may be 
| Bet ™) ordered direct from us. 


We invite your inquiry for complete information on the wide 
variety of SYNCHRO-START Controls, a few of which are 
pictured above, or our Engineering Department will gladly 
co-operate with you in the development of a type to meet 
your particular requirement. 


| SYNCHRO-START PRODUCT 
1046 WEST FULLERTON AVE., CHICAGO 14, ILLINOIS 
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TO BETTER LUBRICATION AND LOWER MAINTENANCE COSTS 


The world’s finest Diesel lubricating oil for automotive type 
Diesel engines. Refined by Gulf’s exclusive Alchlor Process— 
with full detergency. 


High quality paraffin base “Heavy Duty Type” motor oil with 
full detergency for automotive type Diesel engines. 


High quality naphthenic base “Heavy Duty Type” motor oil 
with full detergency for automotive type Diesel engines. 


For years the quality leader for the lubrication of large in- 
dustrial and marine Diesels. Helps insure maximum operating 
economy. 


: | 


A great new detergent type oil for railway Diesel locomotives in 
both main line and switching service. Gives top performance, 
helps insure maximum availability. 


High quality straight-mineral oil, naphthenic base for railway 
Diesel locomotives where a straight-mineral oil is preferred. For 
both main line and switching service. 


mplete Gulf line of 
lubricants, a Gu 
Engineer can help you 


to 

and grade LUBRICATION 
r ty 

select the prope! r requirements. 


ete wire, of phone your Hear’ Gulf Oil Corporation - Gulf Refining Company 

Gulf office. Division Sales Offices: 
Boston - New York - Philadelphia - Pittsburgh - Atlanta 


New Orleans - Houston - Louisville - Toledo 
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This picture, taken August /1939, shows the first Cater- 
pillar diesel tractor built—still at work. 


mental work was started to develop a type of 
diesel that the company's engineers felt would 
be suitable for such an application. After several 
years work and an expense of over a million’ dol- 
lars, the first diesel engine was produced in 1931. 


In April, 1932, one of the first diesel tractors was 
hitched to a dozen 16 in. plows and put to work 
on a large Oregon ranch. Forty-six days later 
it had completed its continuous run. It had plowed 
6,880 acres at the rate of 150 acres a day, had 
traveled 3,500 miles, and the fuel cost had figured 
out to 5.73 cents per acre. This was one half or 
less than the normal gasoline fuel bill and the 
news of this feat spread like wildfire. 


Coming at the bottom of the depression, such 
economy was news. This company found itself in 


International Harvester single cylinder experimental diesel 
built in 1930. 


Right: Transverse section of I-H, PD-40 diesel of 1933. 


Right: Section of fuel pump and injector of the 1927 


Dorner diesel, (1-H). Ri—cam roller; R-—push rod roller; 
S—intake port. 


the diesel engine business immediately. And there 
was a demand for industrial engine units as well. 
In addition, the company brought out a new line 
of motor graders for highway work in 1931. Thus 
the foundations were well laid for the subsequent 
development of the company’s diesel business. 


Over the next several years the manufacturing 
facilities of the company were constantly and in- 
creasingly taxed to keep pace with the demands 
from the customers. The company found less and 
less call for its gasoline engined machinery. 


INTERNATIONAL HARVESTER 


The antecedent history of this company reaches 
back to 1831 when Cyrus Hall McCormick demon- 
strated his first reaper at his father’s farm near 


=~ 


Ge 


4 


Bae’ 
fone. 


Y 
at hed 


Li 


Steele’s Tavern, Virginia. The success of this ma- 
chine stimulated other inventors to study the vari 
ous phases of agriculture with the result that many 
developments came in rapid succession over the 
next twenty years. By 1846 the acceptance of the 
reaper in the great Middle West farming areas 
justified McCormick in building the reapers in 
quantity. So the new factory for this purpose be- 
came one of the pioneer industries of Chicago 


in order to be near the market for the machines. 
McCormick entered the foreign market in 1851. 
In 1902, the McCormick company combined with 


I-H, six cylinder PD-80 diesel released for production— 
1936. 
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the Deerin s Harvester Company, another leader 
in the agricultural implement field, and three 
smaller concerns, to form the International Har- 
vester Company. The purpose was to develop new 
products, a more diversified line, and give more 
attention to the foreign field. 


The early agricultural machinery was designed 
to be pulled by a horse or a mule, but there came 
a time when even many horses could not do the 
job. The steam tractor was helpful but was too 
big and heavy and its usefulness was limited. So 
the internal combustion engine was welcomed by 
such manufacturers as Deering who began experi- 
menting with the use of a gas engine as early as 
1889. By 1902 when International Harvester was 
founded, Deering was producng nearly fifty en- 
gines a day. They were of the stationary type for 
mounting on various implements. 


So it was natural for the new company to become 
internal combustion minded and apply such en- 
gines to implements, tractors and trucks as the 
company began to build such equipment. As early 
as 1909 kerosene burning engines were employed 
to drive International Harvester tractors. 


In 1916, a program of diesel engine research was 
started. A single cylinder horizontal precombus- 
tion type diesel engine of 10 bhp. was developed 
before 1919. One of its novel features was the 
location of the intake and exhaust valve in the 
precombustion chamber. Kerosene and distillate 
burning carburetor engines were continued for 
production equipment however. 


The search for better economy and improved en- 
gine torque led to increased interest in the diesel 
and engineers were sent to Europe. As a result, 
a four cylinder Dorner diesel was brought here 
for testing in 1927. It was a light weight engine 
for that day and the variable stroke fuel injection 
pumps were adjacent to the horizontally placed 
spray nozzles which injected the fuel directly across 
the combustion chamber. The test performance 
was promising enough so that IH designed and 
built an engine of their own incorporating some 


Two cylinder National-Transit diesel of 1933. 
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of the Dorner principles. This engine was com- 
pleted in November 1928 and installed in a tractor 
at Phoenix, Arizona, where it was used continu- 
ously until March 1930. Two larger engines of 
this type were built and tested in tractors. In 
1930 all of these engines were abandoned because 
they were not considered fully satisfactory for 
such service. 


Other foreign engines were tested in 1930 but they 
did not give as promising results as a single cylin- 
der, experimental vertical precombustion chamber 
engine of IH’s own design completed early in 1930. 
This engine was given much testing in order to 
fully develop the desired combustion character- 
istics. At about that time also, there was devel- 
oped a unit type four cylinder bypass controlled 
fuel injection pump. This was the forerunner of 
the injection pumps used on IH engines prior to 
1940. The starting problem was given intensive 
study and it was decided to adopt the method 
which has been used ever since, namely start the 
engine as a gasoline engine, warm it up, and 
shift over to diesel operation. 


By the end of 1932, a four cylinder engine had 
been built and fully tested. It embodied all that 
had been learned by the previous experiences and 
development work and the tests were so satisfactory 
that it was put into production. The production 
model (April 1933) was the PD-40 with four cylin- 
ders 434 in. by 614 in. It was continued in pro- 
duction in its original form for three years. Dur- 
ing that time many other types of engines were 
tested but the results did not warrant a change 
in the PD-40. 


Buda Model 6-DCS-1879 diesel for locomotive service. 


Sectional end view of medium size navy launch 


engine. 
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A six cylinder model of similar design with some 
minor mprovements was developed 1933-1936 and 
released for producton in February 1936. This 
was known as the PD-80. 


NATIONAL TRANSIT 


In 1932 and 1933 this company brought out a 
small engine with many large engine design fea- 
tures for heavy duty stationary service. Intended 
primarily for use as a gas engine, it was also sold 
as a convertible gas or diesel engine. The diesel 
version is shown here. 


It was built in from two to eight cylinders per 
unit. Cylinders were 6 in. by 9 in. and the speed 
range was from 450 to 720 rpm. Of the four cycle 
type it developed 16 hp. per cylinder at the top 
speed. It was fully enclosed with the camshaft 
running along the top of the engine at the side 
of the cylinder heads. The camshaft was chain 
driven. American-Bosch fuel injection equipment 
was used, with the pumps grouped at the side of 
the engine. All bearings were lubricated by the 
forced lubrication system. Separate cylinder liners 
were set into the housing which bolted to the top 
of the bedplate. 


BUDA 


As the diesel had become better known and new 
uses were developed, Buda found that there was 
an increasing demand for lighter and higher speed 
engines. Also there was interest in higher powers 
than the company had been offering. 


Buda 6-DCMR-844 marine diesel engine. 


Longitudinal section of the navy engine shown 
next left. 
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Accordingly in 1933, a whole line of new engines 
was developed embodying the experience the com- 
pany had gained during the previous decade and 
designed to meet the new demands. The line was 
expanded to cover the range from 30 to 300 hp. 
and the Lanova combustion chamber was adopted. 
The new engines were lighter, smaller, and more 
flexible with respect to loads and speeds. A whole 
new line of automotive types for trucks and buses 
were included. By 1935, the new line was com- 
pleted and in production. 


THE NAVY BECOMES 
DIESEL MINDED 


Early in 1924, then Commander S. M. Robinson, 
Head of Design Division of Bureau of Engineer- 
ing, Navy Department, who in 1922 had advocated 
electric drive for battleships, initiated steps for 
diesel-electric drive for such ships. Three engine 
manufacturers were ready to offer diesel engines, 
and on June 6, 1924, Congress authorized such a 
procedure. But at that time the Shipping Board 
was active in building motorships so it was de- 
cided to abandon the Navy project, although 
studies of the use of diesels continued. The Navy 
realized that diesel engined ships had tactical ad- 
vantages. In July 1929, two different commercially 
developed small diesels were purchased and in- 
stalled for service tests in 50 foot Navy launches. 
Only one of them survived and that one was too 
heavy for such use. In the spring of 1932, another 
attempt was made with another engine but it also 
was too heavy. 


It became obvious that in order to get a diesel 
installation that would be the equivalent of the 
existing gasoline engines in weight and space, 
higher speed engines with gear reductions to the 
propeller would be necessary. Propeller speeds 
were limited to 600-700 rpm. and -hree sizes of 
engines were called for: 20-25 bhp., weight 750 
Ibs. and overall length of 53 in.; 60-65 bhp., weight 
1800 lbs. and overall ength of 78 in.; 10-120 bhp., 
weight 2300 Ibs. and overall length of 95 in. 
All engines were to be of same type and manu- 
facture in order to simplify the spare part prob- 
lem. No engines were then available to suit all 
requirements, but Buda developed the smallest 
engine and all were submitted for Navy tests be- 
fore the end of 1933. 


The engines completed all of the tests successfully 
by January 3, 1934, and the Navy soon contracted 
with Buda for 158 engines of all sizes, and also 
obtained a manufacturing license for the Norfolk 
Navy Yard where such engines have been built 
since, in addition to outside purchases. Begin- 
ning in 1933, all new vessels were equipped with 
diesel propelled power boats. And in time the 
existing gasoline engines used for such purposes 
in the older boats were replaced with diesels. 


All of the four cycle type, the smallest engine had 
four cylinders 35% in. by 414 in. and developed 
25 bhp. at 1428 rpm. The intermediate size had 
six cylinders 4 in. by 514 in. developing 60 bhp. 
at 1700 rpm. The largest size had the cylinders 
increased slightly and was a six cylinder 414 in. 
by 514 in. rated at 105 bhp. at 1885 rpm. This 
last engine was even lighter than the gasoline 
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engine it replaced. It had a Lanova combustion 
chamber, and all of the engines had Ex-Cell-O fuel 
injection pumps. Snow-Nabsted reverse gears were 
used. The construction of these engine units is 
well shown in the cross and longitudinal sections 
illustrated here. 


Admiral S$. M. Robinson had been appointed 
Chief of the Bureau of Engineering on May 29, 
1931. He was strongly in favor of diesel engines 
for Navy use and emphasized two fundamentals— 
the engines to be much lighter in weight than 
existing types and they must be manufactured on 
production lines, not tailor made as formerly. In 
March 1932 he invited bids, and by December of 
that year had signed five contracts for engines to 
be developed. The only requirement was that the 
completed engine must not weigh more than 2714 
Ibs. per horsepower. These engines varied widely 
in design type and ranged from 320 to 950 bhp. 


One engine survived the severe tests and appeared 
suitable for Navy use. It was built by Winton, 
now Cleveland Diesel Division of General Motors 
Corporation. Accordingly a contract was signed 
on August 3, 1933 for sixteen engines (four per 
submarine) for electric drive application. Each 
engine was a V-12 of the two cycle type with unit 
fuel injectors, rated at 950 bhp. at 720 rpm. Cylin- 
ders were 8 in. by 10 in. This engine was the 
prototype for similar engines for submarine and 
surface ships later and also for the railway engines 
first built at Cleveland and later at La Grange by 
the Electro-Motive Division of the Corporation. 
To obtain more power, in 1935 this engine was 
built as a V-16 of the same cylinder size but rated 
at 1300 bhp. at 750 rpm. 


Thus the Navy did much to encourage diesel 
engine development in this country not only dur- 
ing World War I but during the peace period 
afterward. The experience gained by building the 
lighter weight, higher speed engines needed for 
Navy requirements carried over into commercial 
construction. And the Navy use of diesels served 
to emphasize their advantages and train men in 
diesel operation and use. 


Two other companies then decided to develop 
engines for Navy use on their own account. Fair- 
banks Morse undertook the two cycle opposed 
piston type and late in 1934 began construction 
of several eight cylinder engines with 8 in. by 10 
in. cylinders and rated at 1300 bhp. at 720 rpm. 
These engines were afterwards built also in nine 
and ten cylinder units, and in some cases made 
directly reversible. They were used for submarines 
and auxiliary surface craft. 


The General Machinery Corporation acquired an 
MAN license to build two cycle double acting 
engines of 9-1/16 in. bore by 1334 in. stroke, which 
in eight cylinders developed 1300 bhp. at 700 rpm. 
These were similar to engines which had been 
used for auxiliary generating sets in the Germaii 
Navy in 1929. The first four of these engines for 
installation in a submarine were begun in late 
1934. Many more were built later but in the long 
run it was found that the performance was insuf- 
ficiently uniform to be used for submarine 
propulsion. 


Beginning with the 1933 cruiser and destroyer co- 
struction program, emergency diesel generator 
units were standard on all ships. They range in 
size from 25 kw. to 1000 kw. Eventually the ai- 
vantages offered by these independent self con- 
tained units were utilized by decentralizing ships 
generator sets and installing them near the major 
use of the power developed. They proved to be 
completely satisfactory. 


The diesel propelled German pocket battleships 
completed in 1933, 1934 and 1936 gave impetus 
to the study of similar engines for a proposed 
150,000 shp. propelling plant for a battleship. 
This was in the fall of 1935, and in the spring of 
1936 an appropriation was obtained for building 
experimental engines. Three engines of three 
cylinders each were built and passed successful 
shop tests. On September 1, 1938, the American 
Locomotive Co. signed a contract for two seven 
cylinder engines of 4200 bhp. at 420 rpm. Cylin- 
ders were 1614 in. bore by 23 in. stroke. They 
were of the double acting two cycle type, directly 
reversible and were built under license from Sulzer 
Bros. For trial purposes, they were to be installed 
in a submarine tender, but delays and difficulties 
on the test stand made it necessary to install them 
in the tanker Maumee which was originally en- 
gined by the single acting two cycle diesels and 
served during the first War. This ship with those 
engines served reliably throughout the second 
World War. But the Navy abandoned the idea 
of using such engines for capital ships. 


HAMILTON 


The building of marine engines in the 1920s had 
given the company good experience, and consid- 
erable engineering atention was given to diesel 
development work. This led into stationary diesel 
engines in the early 1930s when a notable diesel 
power plant was installed at Vernon, California. 
It was a 35,000 hp. installation with five engines. 
Each engine had eight cylinders 24 in. by 36 in. of 
the two cycle double acting type, and was direct 
connected to a flywheel type alternator. A con- 
siderable advancement in the design of large 
diesel engines had been made. 


WORTHINGTON 
In 1929, in line with Worthington’s policy of keep- 
ing their products up with the latest developments 
in the art, it was decided to develop a complete 
new line of diesel engines of lighter weight and 
operating at higher speeds. After a careful study 
the four-cycle type was selected and the following 
sizes projected. 
Bhp./ No. of 


Type Bore Stoke Rpm. Cyl. Cylinders 
B 8 101% 514 25 1 to 6 
Cc 1034 1414 400 50 3 to 6 
D 1344 17% 327 75 3 to 6 
E 1514 20 277 100 8 to 8 


All of the above engines were built exactly as 
planned except the E which was changed to 3 
16 x 20 operating at 360 rpm. (375 rpm. for 50 
cycle service) as will be noted later. 


Design work on the first engine was started in 
September 1929 and the éngine was built and 


DIESEL PROGRESS 


Cleveland D 


started Feb: 
pleted its s 
cylinder 8 : 
Tammany 

Slidell, Lou 
centrifugal « 


The first of 
cylinder, 8 
an A.C, gen 
cipal electri 


The second 
line was the 
pleted and t 
direct conne 
at the Brow 
New York. 


The develo 
and the firs! 
engine direc 
was installec 
facturing Cc 


It is interest 
of engines | 
account of | 
Type C eng 
before the T 
speeds had 

sary to revai 
tatig speeds 
valve gear a 


In 1933 a di 
tothe 17 x 
had already 


Wor:hingtor 
used was th 
and in a sh 
air injection 
account of it 


last air inje 
in 1937, 
The 17 x $ 


being replac 
tive speed u 


The Type B 


Engine room | 
five 7000 hp. 


MAY 1948 


— 
; 
: 
| 
i 
‘ 
| 
| 
| 
| 
} 
| 
} 
| 
sh 
Pa 
2 
| 
i 
| 


stroyer CO 

generator 
y range in 
lly the ad- 
t self con- 
izing ships 
the major 
oved to be 


battleships 
ve impetus 
proposed 
battleship. 
e spring of 
building 
; of three 
successful 
American 
two seven 
pm. Cylin- 
oke. They 
»e, directly 
rom Sulzer 
ye installed 
difficulties 
nstall them 
ginally en- 
liesels and 
with those 
he second 
1 the idea 


1920s had 
nd consid- 

to diesel 
nary diesel 
able diesel 
California. 
re engines. 
y 36 in. of 
was direct 
r. A con- 

of large 


cy of keep- 
elopments 
complete 
eight and 
eful study 
following 
No. of 
Cylinders 
1 to 6 

3 to 6 

3 to 6 
_8to8 


exactly as 


iged to a 
ym. for 50 


started in 
built and 


PROGRESS 


Cleveland Diesel Division 16-cylinder version of the 
8”x10” diesel. 


started February 24, 1930. It satisfactorily com- 
pleted its shop tests by July 1930. It was a 3 
cylinder 8 x 1014 and was later sold to the St. 
Tammany Drainage District and installed at 
Slidell, Louisiana. It was direct connected to a 
centrifugal drainage pump. 


The first of this new line of engines was a six 
cylinder, 8 x 1014 and was direct connected to 
an A.C. generator and was instailed in the muni- 
cipal electric plant at Mason City, Nebraska. 


The second cylinder size to be developed of this 
line was the Type D. This development was com- 
pleted and the first engine was a 6 cylinder engine 
direct connected to an A.C. generator and installed 
at the Brown Linseed Company, Port Richmond, 
New York. 


The development of the Type C engine followed 
and the first engine of this size was a 3 cylinder 
engine direct connected to an air compressor and 
was installed at the Mt. Vernon Furniture Manu- 
facturing Co., Mt. Vernon, Ill. 


It is interesting to note that in 1933 this new line 
of engines met with considerable opposition on 
account of its “high speed” but by the time the 
Type C engine development was completed, and 
before the Type E was started, the accepted engine 
speeds had gone much higher and it was neces- 
sary to revamp this entire line increasing the ro- 
tatig speeds and at the same time enclosing the 
valve gear as this had become the preferred style. 


In 1938 a direct fuel injection system was applied 
to the 17 x 25 engine following the practice which 
had already been established in the new line of 
Worthington four-cycle diesel engine. The system 
used was the American-Bosch pump timed type 
and in a short time this completely replaced the 
air injection system on this 17 x 25 engine on 
account of its higher efficiency and simplicity. The 
last sir injection engine of this size was shipped 
in 1937. 


The 17 x 25 engine was discontinued in 1938 
being replaced by more modern and higher rota- 
tive speed units developed in the meantime. 


The Type B was the first size of the new line of 


Engine room of the Vernon, California power plant with 
five 7000 hp. Hamilton engines. Insert: exterior view of 
the Vernon plant. 
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Sixteen-cylinder General Motors (Cleveland Diesel), 1300 
bhp. submarine engine—1935. 


engines to be redesigned. It was enclosed, the 
speed increased from 514 rpm. to 600 rpm. and 
the rating increased to 30 bhp. per cylinder, and 
type designation was changed to “BB.” The 
development of the EE followed, its dimension 
being changed to 16 x 20 and the designed speed 
360 rpm. 


The size and ratings of this higher speed enclosed 
line was as follows: 


Bhp./ 

Type Bore Stroke Rpm. Cyl. Cylinders 
BB 8 1014 600 30 2 to 6 
CC 10% 14 450 56-2/3 3to8 
DD 17% 360 83-1/3 5 to 8 
EE 16 20 327-125 3 to 16 
16 20 360 3 to 16 


Although the Type EE was designed for 360 rpm., 
it was not offered at this speed until 1914 and 
in order to distinguish engines operating at this 
speed from the engine operating at 327 rpm., the 
type designation was changed to “EH” and the 
rating became 146 bhp. per cylinder. 


Fairbanks-Morse, 8-cylinder, opposed piston submarine 
engine, Model 38A8. 


Hamilton double-acting 2-cycle submarine engine built 
by General Machinery Corporation. 


Supercharging was first applied to Worthington 
engine in 1940. The first engine was a DD6 nor- 
mally rated at 500 bhp. at 360 rpm. and super- 
charged performance indicated it could be rated 
750 bhp. with the same margin of safety as when 
rated at 500 bhp. unsupercharged. The Buchi 
System was used with exhaust turbine driven 


centrifugal supercharger and the turbine driven 


4 


Left: Worthington Type EE diesel, 16”x20”, 
100 bhp, 327 rpm. 


Above: Turbocharged Worthington Type 
SDD engine at Odessa, Missouri. 


supercharger was furnished by Brown Boveri 
Company. 


In 1943 in order to meet the demand for a higher 
speed light weight unit, a 12 in. x 14 in. four- 
cycle engine was added to this line. It operated 
normally at 600 rpm. and is furnished in 5, 6, 7, 
and 8 cylinder units. These engines are designated 
as Type “HD” and they are rated 96 bhp. per 
cylinder unsupercharged and 144 bhp. super- 
charged. 


AMERICAN LOCOMOTIVE 


All of the diesel engines built up to 1931, except 
the 6-L-19-S engines, were of the air injection type 
using the Hesselman air injection system. The 
first commercial solid injection engine built was 
the 4-B-35-S type which was a four cylinder, four 
cycle 1714 x 25 engine for stationary use. This 
engine was a conversion of the air injection type 
so that the essential parts of the engine were the 
same for both types. American-Bosch injection 


system was used with the drive from the vertical Buckeye s 

camshaft drive shaft. , 
Transverse section of Worthington Type EE engine. Ge men 

engine built up to date was the 6-L-1214x13 engine cylinde 


and was installed in a Lehigh Valley switcher in McIntosh & Seymour Type 4-B-35-S, 17!/9x25” stationay 
1932. This type of engine was six cylinder in-line, engine. 


four cycle, solid injection, 1214 in. bore, 13 in. 
stroke, 600 bhp. at 700 rpm., and to date there 
are over 3000 of these units in operation. 


Longitudinal section of the engine shown abcve. 


McIntosh & Seymour engine designed for switcher service. 


Since the first engine was built, there have been 
many improvements, which include the adaptation 
‘of steel bases for road locomotive applications. 
The speed has been increased to 740 rpm. and in 
1936 this engine was supercharged. The basic 
designs of these engines were used for stationary 
and marine applications, many of the 1214 x 13 
engines were operated at 600 and 720 rpm. The 
stroke of the engines was increased to 18 in., 20 
in., and 22 in. They were also made in the direct 
reversible type and eight cylinders. 
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Turbocharged Mcintosh & Seymour 
Type DH diesel locomotive engine. 


Buckeye tacylinton. Model E engine 


Buckeye five-cylinder, and  three- 
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The smallest bore and stroke engine ever made 
in Auburn was the 514 x 9 engine built in 1933. 
This engine had a 51% in. bore, 9 in. stroke, rated 
i00 hp. at 1200 rpm. in six cylinders, in-line, solid 
injection, four cycle. This model was also made 
in the two and three cylinder types and later was 
changed to 534 in. bore. Many of these engines 
were used by the Navy for ship auxiliaries. The 
drawings, patterns, tools, and the right to build 
these engines was given to the Navy. 


The original B-32 type of engines, which were 
built in 1916, were later increased to 1714 in. 
bore and 25 in. stroke. To replace this obsolete 
engine, there was built the new type of 1714 x 25 
which incorporated many of the later develop- 
ments, including the solid injection system. The 
engine was rated 125 hp. per cylinder at 225 rpm. 
At a later date this rating was increased to 143 
hp. per cylinder at 257 rpm. This unit was built 
in three, five, six, and eight cylinder units. The 
six and eight cylinder units were built as a marine 
direct reversible engine. 


In 1945 this engine was equipped with a super- 
charger. 


The first engine to be turbocharged (1936) was 
engine #2366, and this engine was the current 
model of the 6-1214 x 13 engine normally rated 
600 bhp. at 700 rpm. With the installation of 
the supercharger, this rating was changed to 900 
hp. at 700 rpm. The Buchi turbocharger was 
mounted above the generator. This turbocharger 
was built by Brown-Boveri of Switzerland. In 
1940 the American Locomotive Company designed 
and built a turbocharger using the Buchi System, 
and this turbocharger was installed on all of the 
subsequent locomotive engines. At present there 
are over two thousand engines with the Alco built 
turbocharger. 


BALDWIN 


On May 11, 1931, Baldwin acquired the De La 
Vergne company as a part of the Cramp Morris 
Industrials for diversification of activities and 
output. The steam locomotive business and other 
heavy products made by this company had always 
been irregular in the demand for them and the 
management desired more stability. This was be- 
fore they had given any thought to diesel locomo- 


tives, although the Baldwin company had built 
an experimental diesel locomotive for switching 
purposes in 1925 and again in 1929. 


In the 1930s, this company brought out several 
new designs of diesel engines in keeping with 
the trend of the times. Most of them were for 
industrial and stationary applications although a 
few marine engines were built. 


As an example, there was the 9 in. by 11 in. en- 
gine introduced in 1931 as the result of several 
years of development work. This engine was rated 
at 50 bhp. per cylinder at 750 rpm. It was fully 
enclosed with silent roller chain drive for the 
camshaft, American-Bosch fuel injection pumps, 
and forced lubrication for all parts. It was de- 
signed to be a heavy duty engine but much more 
compact, lighter in weight and less costly than 
earlier heavy duty engines. 


There was the VF engine featuring long through 
bolts from the top of the frame down into the 
bedplate. This engine had cylinders 1714 in. by 
24 in. and was also for heavy duty applications. 
There was also the VO model, in general design 
similar to the VG but with quite different details. 
The engine structure was of welded steel. The 
valve gear was fully enclosed. The combustion 
chamber was pear shaped and in the cylinder 
head. American-Bosch fuel injection pumps were 
used. And the speed and power rating were high- 
er. Some engines were built with ammonia com- 
pressors incorporated into the engine unit. These 
compressor cylinders were placed in line with the 
working cylinders and driven from the crankshaft. 
The first diesel switcher to go into commercial use 
was built in 1936, and the business has grown 
steadily since then. 


BUCKEYE 


To answer the need for a smaller size of engine 
than the Model P, the Model E was developed 
in 1932. Cylinders were 914 in. by 14 in. and 
developed 3714 bhp. per cylinder at 400 rpm. 
Engines were built in from two to eight cylinders 
per unit. Beginning with these engines, Ameri- 
can-Bosch injection pumps and nozzles were used. 
The company continued with its own governor 
except when it was necessary to synchronize 
..... And now please turn to page 184 ..... 


Two Buckeye Model O engines with alternators. 
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Tough-hearted No. 1C1, the first “Caterpillar” Diesel built, started 
moving earth for its first owner November 7, 1931. It did this heavy 
work 5 years; then went on a mountain logging job for a new 
owner. For the past several years, No. 1C1 has served as a tractor 
double-drum donkey, loading logs on trucks. Now at work for its 
third owner, No. 1Cl is a worthy example of the long life and 
dependability ‘Caterpillar’ has been building into Diesels from 
the start! 


Here is the second “Caterpillar’’ Diesel built—No. 1C2. Delivered 
September 14, 1931, No. 1C2 worked over 15 years—more than 
27,000 dusty, heavy-duty operating hours—for the original owner. In 
that time, this veteran saved more than twice its purchase price on 
fuel expense. Now owned and actively used by Clarence Danielson, 
Woodland, California. ‘It’s a running fool; this big engine is really 
easy on fuel,” says Mr. Danielson. 


The third ‘Caterpillar’ Diesel built, No. 1C3, went to work for Oahu 
Sugar Co., Ltd., Waipahu, Hawaii, November 7, 1931. Through the 
years, No. 1C3’s regular jobs have been deep subsoiling, heavy 
harrowing and hauling trains of loaded cane cars. For the post 
couple of years, No. 1C3 has carried a mounted furrower-cane plantcr 
—to help plant the cane crops. By November, 1947, No. 1C3 hod 
done 43,683 hours of heavy work—has had only two complete ove’- 
hauls in its busy life—and is still at work. 
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Just 50 years ago — in May, 1898 — the first 
Diesel engine imported from Germany was 
shown at “The Electrical Exposition’’ in New 
York's old Madison Square Garden. 

Present were Mr. J. F. Grace, a Worthington 
engineer who is still active in the corporation, 
and his brother, Richard J. Grace, then of the 
Worthington Testing Department, now War 
Department Engineer at Portland, Oregon. 
Young J. F. Grace's intense interest in the new 
40 hp, single-cylinder engine soon spread 
throughout the entire Worthington staff. And 
although the patent situation prevented any 
active part in Diesel development at that time, 
as early as 1902 a Worthington subsidiary was 
building engines for the Diesel Motors Com- 
pany of America, holders of exclusive rights 
in the U. S. 

Worthington technicians were later sent to 
study at German Diesel factories, and by 1912 
Worthington was building Diesels for itself, 
from its own designs. Ever since, Worthington 
has been a leading producer of Diesels, and has 
introduced many new improvements which 
have advanced Diesel design and manufacture 
the world over. 


6 - cylinder, 
veloping 150 bhp 


' Diesel engines, 150 to 
2,640 hp ...gas engines, 
175 to 2,470 hp . . . dual 
fuel engines, 225 to 2,470 
hp. 
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Weleping 1645 bhp at 360 rpm. 


Today, Worthington Diesels of many sizes 
and types are supplying low-cost, always de-- 
pendable power to a vast range of applications. 
On land and sea they are daily proving that 
Worthington’s outstanding experience in Diesel 
building and development pays off in better 
engine performance. . . . For further proof that 
in Diesels, as in so much other equipment, 
there's more worth in Worthington, write to Worth- 
ington Pump and Machinery Corporation, Engine 
Division, Buffalo, N. Y. 


SOME TYPICAL WORTHINGTON “FIRSTS” 

@ The first horizontal 4-cycle full Diesel engine built 
in America. 

@ The first 2-cycle Diesel engine of all-American 
design. 

e@ The first direct-connected, Diesel-driven ammonia 
compressor. 

@ The Diesel engine for the first oil line pumping unit. 

@ The first 2-cycle marine Diesels of their type built in 
America. 


@ The first 4-cycle dual fuel Diesel engine built in 
America. 


@ The first supercharged dual fuel Diesel engine in the 
world. 


MODERN MASTERPIECE. A Worth- 
ington Turbo-Cherged, Dvol Fuel 
Diesel, Type SEHGO-8, 16 x 20, de- 
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Transfer Rumps Circulating Pumps 


Evaporative Type 
Engine Water Cooler 
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engine—1932. 


electrically with other equipment and then a 
Woodward governor was employed. The general 
design of these engines followed the earlier model. 


The growth of business called for a still smaller 
engine, so the Model J was brought out in 1933. 
The bore was 714 in. and the stroke 1014 in., and 
gave 20 bhp. per cylinder at 514 rpm. Units of 
from two to eight cylinders gave a spread of power 
available. 


In 1935, the Model P was replaced by the Model 
O which had cylinders of 1314 in. by 151% in. 
and produced 75 bhp. per cylinder at 360 rpm. 
This engine was built in from three to eight 
cylinders per unit. 


With three cylinder sizes in production then, 
there was a range of powers available from the 
two cylinder 40 bhp. Model J to the eight cylinder 
600 bhp. Model O, all for stationary purposes. 


BUSCH-SULZER 


The year 1932 saw the company casting envious 
eyes upon the enormous potential business for 
diesel engines in the railroad locomotive field and 


Busch-Sulzer experimental 10-cylinder, V-type locomotive 


Three-cylinder, 30” x 52”, trunk piston experimental 
Sulzer engine—1932. 


so money was appropriated to design and con- 
struct an eight cylinder “Vee” Type, two stroke 
cycle, mechanical injection, gear driven Roots 
blower scavenged engine. The unit was engine 
No. 961 in the company’s records. It was built 
to weigh approximately 25 pounds per hp. when 
finally applied to its intended service and was to 
be built largely of aluminum. The figure shows 
the unit which after exhaustive tests in the com- 
pany’s shops and after being held on display for 
many railroad engineers and executives was given 
to the U. S. Navy Department to be installed in 
the Engine Museum at Annapolis, in 1941. 


The “LV” type engine was offered to the rail- 
roads in the following sizes: 


Bore No. of 
and Stroke Cyl- 
Type Inches Cycle inders Rpm. Bhp. 
4-LV-16 1314x 16 2 8 550 1600 
5-LV-16 1344x 16 2 10 550 2000 
6-LV-16 1314x 16 2 12 580 2400 
7-LV-16 1314x 16 2 14 550 2800 
8-LV-16 1314x 16 2 16 550 3200 


One 5-LV-16—2000 hp. complete locomotive unit 
was sold to the Illinois Central Railroad in 1935 
to be used in freight transfer work in Chicago. 
The engine performed fairly well for a few years 
and after the railroad obtained enough research 
data from the unit to warrant its abandonment, 
it was replaced by a more modern design. 


Engine No. 962—a 30 in. x 52 in. type ““DHB” two- 
cycle trunk piston engine was built in 1933. It 
was built in anticipation of some large marine 
orders that never materialized and after conduct- 
ing exhaustive shop tests, was dismantled in 1939 
and finally scrapped in 1941. The picture shows 
this huge engine as it appeared on test in the 
Busch-Sulzer shops. 


The accompanying picture shows the “DB-21” en- 


Cooper-Bessemer GN engine and generator on common 
base. 


gine which was introduced in 1934 and 1935, it 
being a four cycle, trunk piston built along the 
lines of the Type “E” two cycle engine. The crank 
case and bedplate were cast integral with a one 
piece cylinder block mounted thereon. This en- 
gine was fitted with Hesselman injection system. 
The engine proved to be somewhat noisy, particu. 
larly for municipal electric plants. After a few 
installations were sold and installed, the engine 
was re-designed in 1936 by adopting the familiar 
through bolt construction as employed on the DF 
and DH. The engine stroke was increased to 
241% in. and the speed reduced to 257 rpm. The 
Hesselman system of mechanical injection was 
continued and the engine then offered is shown 
in the picture. The bore of this engine was in- 
creased to 1614 in. in 1938 when the American- 
Bosch fuel injection system was also added. 


COOPER-BESSEMER 


In the early 1930s, the R line of engines was the 
current model and was in full production. But 
experience proved that the JR, the smallest size 
of cylinder, was a rather expensive engine to pro- 
duce for its horsepower ratings. It was replaced 
by the JT with an 111% in. by 15 in. cylinder, a 
little larger size than the JR, and suitable changes 
were made in the design to reduce the cost. At 
the same time, advantage was taken of the situa- 
tion fully to enclose the camshaft and streamline 
the outward appearance. This engine really 
marked the beginning of smoothing up and 
streamlining the whole line of engines. 


Later on this model was increased in size to a |2 
in. bore and was renamed the JTB model. Few 
changes were made in the exterior appearance of 
the engines. 


With the reduced cost of the JT model prover. 
the next step was to do the same thing for the 
next larger size which was called the LT. The 
cylinder dimensions were changed to 1514 in. b’ 
22 in. and it was found possible to use the earlie! 
KR frame which had had a smaller cylinder. Thi 
reduced the size, the weight and the cost of the 
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Busch-Sulzer 6-cylinder, four-cycle Type BD-2! engine— 
1934. 
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Busch-Sulzer Type BD-24 engine, a redesign of the 


engines for the same horsepowers. Along with 
other changes, the camshafts were enclosed. 


The EN engine was originally designed for the 
Coast Guard in 1933 and proved to be a very 
popular engine. It had 8 in. by 1014 in. cylinders 
and at 900 rpm. it developed 50 hp. per cylinder, 
thus giving 400 hp. in eight cylinders at that speed. 
Built originally for stationary and marine service, 
it was afterwards used for locomotive work. The 
variety of applications where it was used brought 
some minor changes in design to suit, and the 
accompanying pictures of these engines show some 
of the many types of application. The engine 
was fully enclosed and was the first one to be 
entirely dust tight. One of the engines of this 
model was also the first engine in this country to 
be Buchi turbocharged in 1935. This engine model 
was in active production until after the War. 


The GN model was a similar engine but of a little 
larger size with cylinders 1014 in. by 1314. This 
engine has been in the production line for many 
years also. 


The success with the turbocharged EN engine in 
1935, induced the company to sign a license agree- 
ment for turbocharged engines in June of 1936. 


Cooper-Bessemer, 8-cylinder, JT 
stationary engine. 


BD-21. 


Injection side of Cooper-Bessemer 
T engine. 


Another development at about this time (in 1934) 
was an oscillating blower for scavenging two cycle 
engines, although it was not generally applied to 
the company’s two cycle engines until about 1946. 
Such a blower proved to be smaller and quieter 
and gave an even flow of air. 


In 1936, the company adopted precision type 
bearings, even in the larger engine sizes. They 
have been standard equipment since on all en- 
gines. The idea was to avoid all hand work in 


fitting such bearings, although it means precision 


work in boring bedplates and connecting rods and 
for the crankshaft. And it was at about this time 
also that oil cooled pistons became standard equip- 
ment on all engines. 


SUPERIOR 

The National Supply Company had its beginning 
in the spring of 1870. At that time Daniel C. 
Shaw came to Toledo from Chicago and organized 
a branch of the John Davis Co. of Chicago. This 
branch was operated as a co-partnership under 
the name of Davis and Shaw. The business con- 
sisted of a small repair shop doing general machine 
work, and selling steam and gas fittings. 


Superior (National Supply Co.) Model 50 marine diesel. 
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The principal industry in that vicinity was wood- 
working due to the timber in Northwestern Ohio 
and Lower Michigan, and soon the new firm was 
enlarged and was carrying a full line of steam 
goods and mill supplies. The wood working 
establishments and sawmills in that region were 
their customers. Another company was absorbed, 
adding a brass foundry, and brass valves and fit- 
tings to the line of goods sold. 


By the early 1880s the company was an important 
jobbing house in that locality. In 1884, commer- 
cial natural gas was discovered in Northwestern 
Ohio, followed by prolific oil fields within the 
next three years. And it was also in 1887 that the 
growing jobbing and supply house went into the 
oil well supply business. The company prospered, 
under the firm name of Buckeye Supply Co. Soon, 
new branch stores were opened, other companies 
were acquired, the company’s own repair shops 
and foundry in Toledo were outgrown and it was 
necessary to move to new quarters. And in 1896 
there were more mergers and the National Supply 
Company was formed and incorporated. 
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ee 
Cooper-Bessemer EN engine with generator on ; 2a 
common base. . 


As time went on, the new company became a 
manufacturer as well as a supply house. It con- 
tributed an important share towards the develop- 
ment of rotary oil well drilling. Gas engines and 
diesel engines were used for powering the drill 
rigs, and in that way, the National Supply Com- 
pany became well acquainted with Superior gas 
engines at first and later the diesel engines which 
they distributed. Thus it was natural for National 
Supply to acquire the Superior Engine Company 
in 1928. While some of the design and develop- 
ment work at Superior has been slanted towards 
engines especially suited for drilling rig use, the 
company has always supplied engines for the gen- 
eral trade and a wide range of sizes and _ horse- 
powers have been available. After the acquisition 
by National Supply, the first engine development 
was the Model VDMA already mentioned. 


In 1931, the Model 50 engine was placed on the 
market. It operated at 600 rpm. and had cylinders 
9 in. by 12 in. It had the same design features as 
the previous model, the VDMA. Used for marine 
and stationary service, some typical engines of this 
model are illustrated. 


This was quickly followed, in 1932, by the Model 
70. These engines had cylinders of 1214 in. bore 
by 161% in. stroke and ran at 400 rpm., and also 
followed the same design as the previous engine 
models. General views and an installation of three 
of these engines in a stationary plant are shown. 


Also in 1932, there came the Model 80 engine 
which was a still larger size of this general design. 
Cylinders were 1414 in. by 20 in and the designed 
speed was 360 rpm. Marine and stationary engines 
and installations are shown here. 


By 1934, the Model 60 was on the market. This 
engine had a little smaller cylinder than the Model 
70 introduced two years earlier and it ran at high- 
er speed. The Model 60 had cylinders of 12 in. 
bore by 15 in. stroke and operated at 514 rpm. 
Also designed for marine and stationary service, 
it followed the design characteristics of the pre- 
ceding models. Some typical engines of this model 
are pictured here. 


All of these vertical engine designs were developed 
at the Springfield plant of the company and the 
engines were built there. In the meantime, the 
horizontal engine business at the Philadelphia 


plant had declined and it was decided to put that 
plant onto vertical engines. Development work on 
a small cylinder, higher speed engine was started, 
and in 1934 the resulting Model A was introduced 
on the market. This engine had cylinders 414 in. 
by 534 in. and ran at 1600 rpm. In general me- 
chanical design, it followed automotive construc- 
tion with the en bloc frame and cylinders, liners 
were separate and inserted, the crankshaft was 
underslung, and the cylinder head valves were 
actuated by push rods from the camshaft in the 
crankcase. Pump fuel injection was used and the 
combustion chamber was new at the time and 
patented. The chamber space was in the cylinder 
head, largely under the air intake valve. Fuel 
injection was horizontal, tangential to this cham- 
ber. These engines were designed and used for 
marine and stationary services. Widely sold, they 
were one of the steps in opening up new markets 
for diesel engines in the smaller sizes of stationary 
and industrial power plants and marine auxiliary 
and propulsion installations. 


GUIBERSON 


In the early 1930s, Guiberson did his experimental 
and development work on a radial type air cooled 
aircraft diesel engine. It had many interesting 
features such as a single valve for both intake and 
exhaust; the engine was of the four cycle type. 
Pump injection was used for fuel. The rating was 
about 200 hp. 


This engine was on the market from about 1934 
onward. In later years, an improved model of the 
engine gave about 225 hp. Very little commercial 
use was found for this engine in planes, but it was 
used to power some tanks during the early part 
of World War II. 


It was important as an example of the advances 
that were being made in diesel engines during that 
period. It proved again that the diesel principle 
could be applied to even air cooled cylinders in 
the small sizes. 


OUT OF THE DEPRESSION 


The diesel engine industry led the procession of 


Right: Superior Model 80 at Akron, lowa. 


Skid-mounted Superior diesel and generator. 


Three Superior, 8-cylinder engi 
building. 


the heavy industries out of the depression of the 
early 1930s. Commercial availability of satisfactory 


pump injection equipment had been the turning 
point, but there were cther important influences. 
The research and development work of the ear! ier 
years was bearing fruit. The semi-diesels had «is- 
appeared in the late 1920s. Air injection diesels 
were still being built cnly on special order by 4 
few companies. Combustion chambers were »¢t- 
tling down to a few proven types, although of 
course improvements in them were still to come. 
So except for the Waukesha Hesselman engine, 
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Superior, 12” x 15” Model 60 stationary engine. 


all oil engines were being built of the diesel type, 
using that term according to the modern definition 
of it. The present day definition of the term diesel 
engine is an engine that will start cold at ordinary 
temperatures, and ignites the fuel from the heat 


marine engine. 
of the compression only. It burns a safe, non- 


inflammable fuel with high economy. The dual 
fuel engine burns gas with a small amount of 
fuel oil, and can operate on either all fuel oil or 
nearly all gas, or any proportions in between. 
These dual fuel engines did not appear until the 
1940s but gas burning diesels were built by Nord- 
berg much earlier. 


But to get back to the main theme, diesels were 
being offered in all sizes from a few horsepower 
upwards from the bottom of the depression on. 
The technical problems had been solved for build- 
ing almost any size of cylinder, applying it to any 
type of engine, and for using that engine for 


ssion of the § almost any purpose. ‘The mass production indus 


satisfactory ‘tics were applying diesels to their purposes and 
the turning 
t influences. 
f the earlier 


els had 


this volume of production brought down the cost 
of ‘he engines in dollars per horsepower. All of 
this brought new uses of the engines, especially 
4a generator sets for regular or standby use. Auto- 


tion diesels § Moiive applications were beginning. Contractors 


order by a were using diesels. The locomotive applications 
rs were set- had proven themselves and orders for more of 
although of J them were beginning to jump in size. 
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Nordberg, FS-10, 4-cycle engine—1933. 


one to make savings. ‘The diesel engine had prov- 
en its adaptability and economy, and the manu- 
facturers were making diesels increasingly avail- 
able. Modern mass production techniques were 
being applied to the making of diesel engines and 
costs were being reduced. 


NORDBERG 

All of the early Nordberg engines were of the 
two cycle type and most of them were of large 
size and power, so in order to broaden the line 
to include units in the smaller sizes, a line oi four- 
cycle engines was brought out in 1933. The 
smaller of these was the FS-10 and was built in 4 
and 6 cylinder models. This engine had a bore 
of 1014 inches, stroke of 1514 inches and ran at 
400 rpm. The four cylinder model was rated at 
200 hp., the six, 300 hp. 


The larger size, FS-16 is also shown. This engine 
had a 16 inch bore and 22 inch stroke. Operating 
at 327 rpm. the engine was rated at 125 hp. per 
cylinder. The first installation of FS-16 engines 
were made in 1934, these being engines of 4 and 
6 cylinders rated at 509 and 750 hp. respectively. 
Development work on feur-cycle supercharged 
engines began in 1934, the first of these having 
been built for a mining company in South Ameri- 
ca and were installed at an elevation of 13,500 ft. 
The addition of an exhaust gas turbocharger in- 


creased the sea-level rating of a six cylinder engine 
from 750 to 1100 hp. 


Nordberg FS-16 of 1934—also 4-cycle. 


Transverse section of Nordberg F!-16 engine. 


— — 

Superior Model 60 marine diesel—1934. 

= » Guiberson, 9-cylinder radial aircraft diesel. es, 

© 


In 1937, two FS-16, six cylinder, 750 hp. engines 
were installed in the twin screw tanker, Traverse 
City Socony. The FS-10 and FS-16 types had 
mechanical injection and were of trunk piston con- 


struction. 


Because of the satisfactory performance and the 
general acceptance of the VH and M-17 enclosed 
design two-cycle models, a new model was intro- 
duced in 1933 incorporating some of the features 
of earlier design. This was designated as TS-17 
if arranged for mechanical injection and TA-17 
if for air injection. The six cylinder TS-176 was 
arranged for mechanical injection of fuel, of trunk 
piston construction, had a bore of 17 inches, stroke 
of 25 inches and at 257 rpm. was rated at 1250 hp. 


Closely following the introduction of the TS-17 
engine, a new size was developed to meet a wide- 
spread demand for a larger size unit of the same 
general design. In 1936 the first of the many that 
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Carthage, Missouri power 

plant where there are two 

1250 hp., two 2250 hp. and 

one 3200 hp. Nordberg die- 

sels, installed between 1924 
and 1946. 


Nordberg 750 hp. main en- 
gine for tanker “Traverse City 
Socony.” 


Gas diesel installed 1929 at Lubbock, Texas. 


were to be built later was installed in the muni. 
cipal power plant at Carthage, Missouri. This 
engine was arranged for mechanical injection of 
fuel, of trunk piston construction, of 21 inch bore, 
29 inch stroke and at 225 rpm. was rated at 2250 
hp. Later the bore was increased to 2114 inches 
to increase the rating to 400 hp. per cylinder. 
Some engines of this type were also built for air 
injection and of crosshead construction. 


As early as 1928 Nordberg had begun a study of 
the possibility of burning natural gas in a diesel 
engine and in 1931 the first engine was tested in 
the field. The results of these tests demonstrated 
the feasibility of burning gas, and in 1935 a TAG- 
178 engine was sold to the City of Lubbock, Texas. 
This engine, shown installed, had eight cylinders, 
17 inch bore, 25 inch stroke and rated at 1665 hp. 
It was of the convertible type capable of burning 
either gas or fuel oil. Later a number of Nord- 
berg air injection engines, that had previously 
been installed and orignally built to burn oil, 
were converted to gas burning. These proved suc- 
cessful in their performance and operated at a 
big saving in cost of fuel where low cost gas fuel 
was available. 


HERCULES 


In 1915, a young automotive engineer, Charles 
Balough, had an idea that there would be an 
increasing demand for power and that the gasoline 


engine, as a form of internal combustion engine, 
would be the engine of the future for powering 
equipment—the sort of application known toda 
as industrial power. Balough convinced three 
others, H. H. Timken, Gordon Mather and Ed. 
ward A. Langenbach, and the Hercules Motors 
Corporation was founded. They were soon joined 
by R. W. Gallagher. The objective was to build 
a diversified line of engines for equipment manu- 
facturers to use in powering their machines, and 
to use mass production methods in the manufac. 
ture of these engines. 


‘The company was already a going concern when 
this country got into World War I and this event 
increased the demand for the company’s products. 


In the 1920s, the original idea of diversification 
was pressed and the variety of engines manufac- 
tured was constantly increased as applications were 
made in trucks, buses, tractors, combines, hay 
balers, road machinery, oil field work, factory and 
construction equipment, generator sets, and ma. 
rine work. The basic engine designs were stand- 
ardized and only a change in the accessory equip- 
ment or parts bolted on was necessary to make 
them suitable for 2 wide assortment of applica- 
tions. The Herceles engine was used as the stand- 
ard engine for a standard line of trucks in more 
than one case. And this was an example. 


In the 1920s, the company began watching the 
progress of the diesel engine, and by 1930 decided 
that it was time to investigate its possibilities for 
application in the fields of its own activities. The 
company decided that what they really needed was 
a diesel engine that would be interchangeable in 
use with the type of gasoline engine they were 
building. Nothing of this sort existed in Europe 
or this country, as their investigations quickly told 
them. The next step was to decide to develop an 
engine of their own which would meet those 
requirements, and what was equally important the 
engine must be suitable for modern and large 
scale production methods. The objective was to 
build a line of diesel engines that would parallel 
in horsepower, piston displacement, speed range 
and general overall dimensions the modern auto- 
motive types of gasoline engines. 


In the sizes of cylinders and speeds which Hercules 
proposed to use, the combustion problem was the 
crux of the situation. Development work was 
undertaken, and the result was a line of four 
cycle engines with a characteristic form of com- 
bustion chamber used on the entire line. The 
mechanical design of the engines followed moder 
automotive practices but of course adapted 
diesel conditions and use. American-Bosch fuel 
injection equipment is used. Every attention has 
been given to make the engines suitable for high 
production methods. 


The apex of the solution of the combustion prob 
lem is exemplified in the patented Hercules com 
bustion chamber as shown in the illustration. A 
sperical chamber is located on the side and at the 
top of the cylinder into which the combustion aif 
in the cylinder is tangentially pressed as the pisto® 
races to the top of the stroke where it almost 
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Section showing Hercules (patented) 
combustion chamber. 


touches the cylinder head in crowding practically 
all the air from the cylinder into the sphere 
through an opening which is reduced in size by 
the piston as it travels across the opening to the 
sphere. The graph shows the combustion air 
velocity as it passes from the cylinder into the 
spherical combustion chamber. 


The terrific velocity of the air passing into the 
combustion sphere, as shown in the graph, is made 
for a speed of 2000 rpm. The revolving of the 


Sheppard single-cylinder diesel in packaged marine 
auxiliary unit. 
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tion chamber. 


Sectional side view of Hercules DFX diesel. 


air in the sphere is approximately fifty times that 
of the crankshaft during the period of fuel injec- 
tion. Thus, at 2000 rpm. of the crankshaft, the 
air revolves 100 thousand times a minute and at 
$000 rpm. of the crankshaft, a speed of 150 thou- 
sand turns a minute. 


SHEPPARD 


The story of the Sheppard diesel begins in 1935, 
when R. H. Sheppard, after ten years of study and 
experiment with gasoline engines, became inter- 
ested in the small diesel engine. He set out to de- 
velop a diesel engine which incorporated the 
following features: 

(1) Simplicity of design so that it could be serviced 
and maintained by inexperienced operators. 

(2) Versatility in regard to fuel without requiring 
any adjustment in the range from Bunker C 
or crude oil to kerosene. 

(3) Flexibility. In other words, an engine with 
good performance between idling speeds and 
maximum speeds. 

(4) Adaptability—a design suitable for marine sta- 
tionary automotive, both truck and tractor and 
contractor’s equipment. 


Sheppard Model 14 air cooled diesel—3.5 hp. at 1800 
rpm. 
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Graph of air velocity from cylinder into Hercules combus- 


Transverse section of Hercu- 
les DFX engine. 


(5) All American design with no use of foreign 
patents. 

(6) Durability—a life expectancy comparable to 
large low speed engines without adjustment or 
rebuilding. 


With the above objectives clearly determined, suc- 
cessful experimental development progressed rap- 
idly. In late 1937 Mr. Sheppard organized the 
R. H. Sheppard Company at Hanover, Pa., to pro- 
duce the engines he had designed. 


The first engine offered for sale, by the new com- 
pany, was a complete diesel engine package, the 
Sheppard Model 6. It was a 3 cylinder, 4 in. bore, 
5 in. stroke, 4 cycle full diesel rated 25 hp. at 1200 
rpm. This was later changed to 30 hp. at 1800 
rpm. for continuous full load with a fuel consump- 
tion rating, under these conditions not to exceed 
-50 Ib. per bhp. hour, complete cooling equipment 
installed and fully loaded. 


This model contained the following Sheppard- 
designed and Sheppard-manufactured features: 
Fuel pump, precombustion chamber, oil cooled 
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Sheppard Model 7 diesel-generator unit. 


pistons, silchrome valves and valve seats, replace- 
able cadmium silver steel backed precision bear- 
ings. 


The next Sheppard diesel was ready for market in 
early 1941 and was a single cylinder self-contained 
Model 7 series with a 4 in. bore, 5 in. stroke rated 
8 hp. at 1200 rpm. continuous full load operation, 
which was later changed to 10 hp. at 1800 rpm. 
for same load operation. In early 1945 the 414 in. 
bore models were added to the line increasing the 


power | hp. per cylinder. 


The Sheppard Diesel Model 13 series introduced 
in early 1946, is a 2 cylinder engine designed to 
fill the gap between the Sheppard Model 7 and 
6A with the compactness of Model 7 and the high 
power output of Model 6A. This Model 13 de- 
velops 20 and 22 continuous hp. at 1800 rpm. 


Model 6C Sheppard marine propulsion unit with power 


takeoff. 


By late 1946 a single cylinder “air cooled” Model 
14 series Sheppard diesel was produced with over- 
all dimensions of: 2814 in. high, 2034 in. wide and 
2214 in. long. This model is a 4 cycle engine de- 
veloping 3.5 continuous hp. at 1800 rpm. Piston 
displacement is 28 cu. in. with standard governor 
regulation at 314% and equipped with both hand 
and 12 volt electric starting. Present adaptations 
are: powering railroad communications systems, 
shipboard lighting plants, pumps, compressors and 
available directly connected to a 2 kw. generator 
for battery charging in DC or Direct connection 
to AC on farm lighting circuits. 


The largest Shepard diesel produced at present is 
the Model 12 series which has proved most efficient 
and popular since its release in June 1946. This 
is a 6 cylinder engine rated at 61 and 67 continu- 
ous hp. at 1800 rpm. or automotive carries rating 
of 90 and 100 continuous hp. at 2000 rpm. 


The Sheppard diesel is “All American” in design, 
patents and production. This means that no for- 
eign patents are utilized. Each part is developed 
as an integral unit by Sheppard engineers. All 
models are small self-contained power plants that 
can be put into service without the addition of a 
single accessory and most parts are interchangeable 
among Sheppard models. The Sheppard governor 
provides close regulation and parallels equally 
well at either constant or varying loads, so that 
2 or more generating sets can be connected in 
parallel. The Sheppard Company owns a number 
of patents in the development and production of 


the small diesel engine. 


INGERSOLL-RAND 


In 1935, the original Price Type locomotive engine 
was completely redesigned not only mechanically, 
but also from a combustion point of view. The 


Right: Model 12 Sheppard diesel with 30 kw generator. 


Lower right: Sheppard Model 13, two-cylinder diesel 
power unit. 


Sheppard Model 14, air-cooled diesel with 2 kw E-M 
generator. 


only feature of the Price System retained was the 
use of two spray nozzles per cylinder. The per. 
formance of the engine was improved both as tw 
output and fuel economy. In the redesigned 
engine, brake mean effective pressures of 80 psi, 
and higher were obtained with conservative gas 
pressures and with fuel consumptions under .38 
Ibs. per brake horsepower hour. 


A few of these engines were installed in locomo. 
tives, but in 1937, the Ingersoll-Rand Company 
decided to confine their activities to the stationary 
and marine fields. The locomotive engine was 
modified so as to make it suitable for such appli- 
cations. In thus applying a higher speed engine 
to service other than locomotive, the company 
pioneered again, and the large amount of horse. 
power of this type which has been installed in 
the past ten years demonstrates the soundness of 
the engineering judgment which inspired them 


to follow this course. 


For commercial work this engine has become 
known as the Type S and has been sold abroad 
in Mexico, Central America and South America as 
well as many installations in this country. The 
illustrations show the construction of the engine. 
It was designed to be a self contained unit easil 
handled for installation. It has been built up to 
eight cylinders in one unit. 


In 1938 the V type gas engine driven compressor 
which had been introduced in 1932 was followed 
by the diesel driven type XVO with combustion 


and fuel injection systems following the Type § 
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Ingersoll-Rand Type S engine with Cameron pumps supplied to compania 


vertical engines. These compressor sets are built 
in units up to eight power cylinders. As shown, 
the power cylinders are arranged in V form and 
the compressor cylinders are horizontal. 


ELECTRO-MOTIVE 


The first locomotive to be turned out of the 
LaGrange plant was a switcher, on May 20, 1936. 


In the summer of 1936, work was started on the 
development of a new model of engine, the 567. 
The first locomotives with these new 567 engines 
were delivered in early December 1938. 


Early in November 1939 came the first ireight 
demonstrator locomotive. It consisted of four units 
with a sixteen cylinder 1350 hp. diesel in each 
unit. It was tested on various railroads until 
October 1940. And in that same month, the com- 
pany began to accept orders from the railroads 
for diesel freight locomotives. The first order was 
from the Santa Fe for two 5400 hp. four unit 
locomotives. 


CLEVELAND DIESEL 


From 1936 to 1940 there was a constantly broaden- 
ing application of the diesels with special atten- 
tion to refinement of multiple engine unit, electric 


First marine application of Fawick Airflex clutch with 
G-M 567 diesel installed in the towboat “Bui/l Calf.” 


drive installations. 


However, in 1939, there was the installation of 
a twelve cylinder V type engine of 750 bhp. at 
660 rpm. in the river towboat Bull Calf. This 
engine was one of the new models, a 567 with 
cylinders 814 in. by 10 in., and it was equipped 
with the new Airflex clutch and reduction gear. 


This same model of engine was built in eight and 
sixteen cylinders also and there were many instal- 
lations of them in naval vessels and commercial 


vessel types. 


First General Motors (Electro-Motive) 5400 hp. diesel freight 


locomotive, 1939. 


First General Motors (Electro-Motive) 6000 Ap. diesel 
passenger locomotive, 1939. 
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Ingersoll-Rand XVO, V-type engine and angle compressor 
—general view, top and transverse section underneath. 


First General Motors (Electro-Motive) 5000 hp. diesel 
passenger locomotive—1937. 
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FAIRBANKS-MORSE 


Considerable development work had been done 
on the scavenging process with the idea of so ar- 
ranging and shaping the scavenging air ports that 
the entire cylinder space would be well swept by 
the scavenging air. This would leave more air in 
the cylinder for the next combustion stroke and 
improve the engine performance. The result was 
the “backflow” scavenging port arrangement first 
introduced by adding it to the 14 in. by 18 in. 
Model 47 engine cylinder in 1936. There was 
increased power capacity and better general oper- 
ation of the engine. 


Mention has already been made of the opposed 
piston engine development beginning in 1933. By 
1937, considerable operating experience had been 
gained with the few engines that had been built. 
It was decided to change the silent chain drive 
used on the earlier engines between the upper and 
lower crankshafts to a vertical shaft with spiral 
cut bevel gears at both ends and careful provision 
for holding these gears in their correct relative 
position. The illustration shows the details of 
this arrangement. 


Ihe tollowing year, the 8 in. by 10 in. became the 
Sig in. by 10 in. and was rated at 160 bhp. per 
cylinder at 720 rpm. And in 1939, the 5 in. by 
6 in, became the 514 in. by 714 in. rated at 50 
bhp. per cylinder at 900 rpm. The larger size 
proved to be suitable for locomotive and sub- 
marine service while the smaller engine found its 
field in auxiliary generating service especially for 
war ships. 


In 1938, the four cycle engine line was augmented 
by an 8 in. by 1014 in. enbloc engine designated 
as the Model 46. It was arranged to be convertible 
to gas fuel and was designed for use in cither 
marine or stationary service. It was rated at 3714 
bhp. per cylinder at 720 rpm. and was built in 
six and eight cylinder combinations. 


As the Beloit Works grew in size and the power 
load increased, it had been necessary to add diesel 
generating sets to the power house. A_ notable 
addition of this sort was made in 1939. It was 
a ten cylinder Model 33D16 engine direct con- 
nected to a 2188 KVA alternator and shown in 
the illustration. It had the uniflow fuel injection 
pump, shown in the sectional view, which was 
being added at that time to several of the engine 
models. This pump controls the fuel by the rota- 
tion of the plunger. It was being made in the 
company’s own shops. 


Another notable improvement made in 1939 was 
in the 14 in. by 17 in. pump scavenging engine. 
Ihe cast iron scavenging pump body was replaced 
by a fabricated steel weldment, with steel valves. 
Numerous other cast iron parts on various pro- 
duction engines were also replaced at about this 
time by weldments. In fact the Welding Division 
of the company had been very active from 1935 
on and these replacements were the result of their 
studies and developments. Also there were im- 
provements in designs and techniques in welded 
parts. The design of oposed piston engine block 
introduced in 1941 is shown here. 
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A review of Fairbanks Morse engine development 
history over the period from 1914 to 1940 skows 
a step by step improvement in the scavenging and 
combustion processes. And the designs of the en- 
gines were such that in many cases the later im- 
provements could be applied to the earlier engines. 
Consequently in 1940, the company offered such 
a modernizat‘on program to the owners of the 
earlier engines. Needle roller piston pin bearings 
could also be applied and constant speed governors 
on stationary engines, where desired. 


SUPERIOR 


The success of the Model A engine produced at 
the Philadelphia plant induced the company to 
add the Model D to the line. This engine was a 
larger version of the A model and thus spread 
the range of horsepowers which could be offered 
on the up side. It had cylinders 514 in. by 7 in. 


Crankshaft vertical drive for F-M opposed piston engine 
—turn page 90° counterclockwise. 


and ran at 1200 rpm. It was introduced on the 
market in 1937. 


Diesel engine speeds every where were stepping up, 
and the success of the A and D models gave the 
company the background for bringing out in 138 
the Model 40 especially designed for rotary drilling 


NEN 


Ten-cylinder F-M diesel and 2188 kva. alternator in the 
Beloit, Wisconsin power plant. 


Welded steel scavenging cylinder for the F-M Model 37 
engine. 
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work. Designed and built at the Springfield fac- 
tory, ‘t had cylinders 814 in. by 1014 in. and oper- 
ated at 900 rpm. Pump fuel injection and open 
type combustion chambers were used. The pur- 
pose of these engines was to have a readily port- 
able power plant which could be skid-mounted 
and made easily available where ever power was 
needed. Six and eight cylinder units were built 
in this model. The engines were fully enclosed 
as in the previous models. 


Successful operation of the Model 40 engines in 
drilling operations soon led to their adoption for 
stationary and marine services. These units were 
especially suitable for skid mounted stationary or 
industrial power plants. A typical unit of this sort 
and a marine engine are shown here. 


In 1939, came several design changes to take ad- 
vantage of current developments and bring the 
engines up to date. The Model 50, 60, 70 and 80 
engines which had been using common rail fuel 
injection were redesigned to use pump fuel injec- 


Four model ‘40 Superior drilling rig engines. 


tion. Individual fuel injection pumps were 
mounted opposite each cylinder at the side of the 
engine above the camshaft and within the casing 
enclosure. Thus this change was readily made and 


the pumps kept accessible by removing the covers. 


The first supercharger applications were made in 
that year also. Rotary blowers were applied to 
the Model D engine at Philadelphia and to a 
Model 80 engine built at Springfield. In the case 
of the D engine, the supercharger was built-in as 
a part of the engine unit. 


In 1940, a $250,000 Resarch Laboratory was com- 
pleted at Springfield, for the purpose of developing 
new products and improvements and also for 
studying design and service problems and for per- 
fecting existing engine models. It has proven very 
wefu!, and its activities tie-in with special phases 
of quality production control as well as current 
desig, and service problems. In short, it helps to 
make a better overall engine suited to service con- 
ditions as the company’s customers find them 


SUN-DOXFORD 


The Sun-Doxford opposed piston engine is an 
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Welded steel engine block for F-M 
Model 38D 8 O.P. diesel. 
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ideal type from the standpoint of exemplifying the 
advantage of the use of welded-steel framework, 
since no combustion stresses are taken through 
the frame work and the only stress arising is the 
side thrust from the connecting rods. So in 1936 
it was decided to design the first engine of welded 
steel construction. This engine had four $1 in. 
diameter cylinders with differential strokes of 50 
in. for the lower stroke and 36 in. for the upper 
stroke, developing 4800 bhp. at 90 rpm. with 
attached, in-line scavenge pump. 


The bedplate, columns, column bridge, guide sup- 
ports and various smaller parts of this engine and 
all subsequent engines are of welded steel con- 
struction. The bedplates are built up of steel 
plates with the main bearings being carried in cast 
steel shells, which are fastened to the cross mem- 
bers of the bedplate by electric welding. Mounted 
on the bedplate are the columns or housings. 
These are also made up entirely of steel plates, 
which are cut and welded to form an “A” frame 
of box type construction, with one located over 
And now please turn to page 204 ..... 
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_ LEADESS IN DEVELOPMENT OF MODERN 


YEARS 


YOUR SERVICE 


Universal user acceptance 
Since the first Buda Diesel engine was introduced in 1926, thousands 
of Buda Diesels have been built and shipped for use in all types of 
service all over the world. In addition, modern Buda Diesel power 
is now offered in practically every type of equipment built by 133 
leading American and foreign manufacturers. 


World-wide parts and service 
Wherever you go, Buda Diesel parts and service are readily available 
from a worldwide network of over 200 experienced Buda distributors 
Here you'll find adequate parts stocks ..factory-trained Diesel spe- 
cialists ... modern testing and repair equipment... everything it takes 
to keep your Buda Diesels operating at a profit. 


Wide range of sizes and models 
Buda Diesel engines are available today in 19 different sizes from 3 to 
330 h.p.— for automotive, industrial, oil field and marine applications. 
In addition, Buda builds a complete line of 71 different models of 
industrial and marine Diesel-electric generator sets — from 2.5 to 


Helpful engineering cooperation 
Buda engineers, specially trained in Diesel engine applications, will 
gladly work with you in adapting modern Buda Diesel power to your 
particular needs ...to help you achieve best results at lowest possible 
cost. There’s no obligation...just write, phone or wire The Buda 
Company, 15402 Commercial Ave., Harvey, Ill. 
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each main bearing. These columns support the 
column bridge and also the guide supports for the 
center and side crosshead slippers. 


The column bridge is made in sections, naturally 
the number of these sections in any one engine, 
depends on the number of cylinders to be accom- 
modated. However, the column bridges are usual- 
ly made to accommodate two cylinders and are of 
welded steel construction throughout. One inci- 
dental advantage is that the welded column bridges 
provide less obstruction to the flow of the scavenge 
air than the previous cast iron design with its 
numerous ribs, and this has a slightly beneficial 
effect on the fuel consumption. 


Light plates are bolted to back and front of the 
housings, column bridge and top of bedplate, thus 
enclosing the moving parts of the engine. Another 
feature that was incorporated in the new design 
of engine, is the use of shorter side connecting 
rods than used on previous cast iron engines. The 
side crossheads are now of the slipper type instead 
of the cylindrical double shoe pattern. The engines 
of welded steel construction represent a total sav- 
ing of 25% in weight over the older engines of 
cast iron construction. In the following years 
many engines of this construction were built and 
installed in tankers and cargo ships. 


BUSCH-SULZER 


In 1937, an old customer, the City of Bryan, Texas, 
decided to purchase a 1000 hp. air injection type 
engine because a certain grade of heavy fuel had 
to be consumed. The 8-DB-24 was modified by 
the addition of a three-stage injection air compres- 
sor and the new engine bore the designation 
8-AB-24. One more of these eagines was sold to 
a private power company in Florida a little later 
and then the design was dormant until the end of 
World War II when three more were sold in South 
America. 


In 1939 the Maritime Commission awarded Busch- 
Sulzer a contract for fifteen (15) Type “DH” en- 
gines to be used as the main propulsion units in 
C-3 cargo ships. The load conditions required that 
the engine cylinder diameter be increased to 2014 
in. and that the stroke be increased 14 in. These 


Seven-cylinder Buckeye turbocharged diesel—1940. 


Busch-Sulzer, 2-cycle 2085 bhp., Maritime Commission 
engine—41939. 


engines were to be provided with direct gear 
driven Roots type scavenging blowers and ADECO 
fuel system instead of the Hesselman. At 240 rpm. 
the engines were to be rated 2225 bhp. in seven 
(7) cylinders. 


Also in 1939, the Stanolind Pipe Line Co., of 
Tulsa, Oklahoma, purchased an air injection en- 
gine of the 5-B-100 type thus showing that air 
injection was still receiving consideration. Imme- 
diately after its installation, the purchaser added a 
Buchi type supercharger to the engine, importing 
it from Brown-Boveri of Switzerland. The power 
output of this 500 hp. engine was increased to 
750 bhp. and it was the first Busch-Sulzer engine 
to be supercharged 


The Maritime Commission purchased more “DH” 
engines in 1939 and 1940 by ordering ten (10) 
more 7-cylinder type DHB-2714 engines. These 
were rated 2085 bhp. at 233 rpm. and a shop pic- 
ture of one of these engines is shown. 


AMERICAN LOCOMOTIVE 


Under license of Sulzer Brothers, Switzerland, 
there was made in 1937, a standard two cycle 
engine built to the designs of Sulzer and known 
as their T-36 type. This engine was built with 14 
in. bore, 2314 in. stroke, and was rated 180 hp. 
per cylinder at 277 rpm. This type was made in 
four, five, six, and eight cylinder models, and were 


Buckeye 8-cylinder maritime auxiliary unit. 


suitable for stationary use or direct reversible 


marine applications. 


Under contract with the U. S. Navy an experi- 
mental two cycle engine was built in accordance 
with Sulzer Brothers preliminary designs. This 
engine was built in three cylinders, 1614 in. bore, 
23 in. stroke, double acting solid injection. The 
basic structure was built of structural steel and 
welded. 


There was built in 1940 two (2) 7DQD-1614x23 
engines similar in design to the three cylinder 
experimental engine built in 1937. This engine 
in seven cylinders was rated 4200 hp. at 450 rpm., 
or 3000 hp. at 325 rpm. As this engine was built 
with structural steel basic structures and aluminum 
casings, it was comparatively light for the devel- 
oped horsepower. It was also a direct reversible 
engine for marine use. 


BUCKEYE 


In 1938, a new cylinder size was introduced into 
the line, the Model 70. It had cylinders 10 in. by 
12 in. and developed 48 bhp. per cylinder at 514 
rpm. With this model, both the bmep. and the 
piston speed were raised above the previous en- 
gines to keep in line with current trends. Individ- 
ual units were made in from three to eight cylin- 
ders. With this model, the Buckeye governor was 
discontinued and either Pickering or Woodward 
governors became standard equipment. 


Fulton spark-ignition gas engine at Claremore, Oklahoms. 
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Fulton 1400 hp., 277 rpm. diesel in Stanolind Pipeline Station. 


The two smallest cylinder sizes, Models E and J, 
were discontinued in 1940, and the Model 80 was 
introduced. This engine has cylinders 1014 in. 
bore by 12 in. stroke and develops 60 bhp. at 600 
rpm. This meant a further stepping up of piston 
speed, and by turbocharging, the power output 
could be increased 50 per cent, all in keeping with 
the general trend of such engines. This model is 
also built for marine use. It is current production. 


FULTON 


More design developments came in 1937, when 
some modifications were made on the Type BG 
engine and it was changed from an air injection 
engine to solid injection. This change was not 
an entirely thorough and satisfactory job, so the 
Models BG and K engines were re-designed with 
shortened center to center distances between cylin- 
ders, increased speeds, higher mean effective pres- 
sures and greater outputs. They were labeled as 
Models “BGS” and “KS.” 


The BGS engine, 1714 in. bore, 2414 in. stroke, 
257 to 300 rpm., 890 mep., has an output of 152 
to 165 bhp. per cylinder when normally aspirated 
and 268 hp. per cylinder when supercharged to 
120 mep. This engine is equipped with Fulton- 
designed and built fuel injection pumps and spray 
valves. Individual fuel pumps are located above 
an overhead camshaft with short fuel lines, all of 


Turbocharged Atlas Imperial marine diesel, 850 hp. at 
300 rpm. 
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equal length, to the spray valves. The camshaft is 
driven by a triple strand roller type chain with 
quick tightening and adjustment features. Bronze- 
backed, babbitt-lined and precision type main 
bearing shells and Kolene Process babbitted crank 
box bearings are features of this engine. The 
cylinder heads are designed for use without valve 
cages, and the valves, which are made of high 
alloy steel, seat directly in the head. Pistons with 
full-floating piston pin design, bronze-bushed for 
convenient servicing, replace the old taper-fit pin 
type of piston. Welded steel, one-piece, water- 
cooled exhaust manifolds replace the cast iron, 
sectional type headers of former design. The two- 
piece, spoke type flywheel formerly used has been 
replaced by a solid, disc wheel, secured between 
the crankshaft flanges and the extension shaft. 


The Type KS engine is of similar design to the 
BGS engine but has a bore of 23 in. and 24 in. 
and a stroke of 28 in. It is designed for speeds 
of 225 to 257 rpm. and hp. ratings are from 1500 
to 4000 bhp. in 6 and 8 cylinders. 


The Models BGS and KS engines have also been 
developed as dual-fuel engines and they may be 
operated as straight diesels or as gas-diesels, burn- 
ing any percentage of oil and gas which the oper- 
ator elects to use with the only limitation being 
that when burning the maximum amount of gas 
some fuel oil must be used for ignition purposes. 
This pilot oil amounts to approximately 7 per 
cent of the total full load btu. used by the engine. 


Dual fuel Fulton diesel at Vermillion, South Dakote. 


In switching from oil to gas fuel, or vice versa, 
the change is made instantaneously while the en- 
gine is in operation, and no out-of-service time 
for conversion is required nor is the existing load 
on the engine disturbed while the changeover is 
being made. Special cams for Fulton dual-fuel 
operation are not required and the standard fuel 
pumps are used for both gas and diesel fuel opera- 
tion. Special or additional spray valves are not 


required. 


The first Fulton dual-fuel engine was placed in 
operation in the municipal electric plant at the 
City of Vermillion, South Dakota, in June 1947. 
This was an 8 cylinder, 1300 bhp. engine oper- 
ating at 277 rpm. 


ATLAS IMPERIAL 


In 1939 this company played an important part 
in stepping away from old, established habits by 
being a part of the group headed by Captain 
Oakley J]. Hall, of San Diego, in the construction 
of the first diesel-electric tuna boat ever built. It 
was the tuna clipper, Challenger that carried this 
installation, proving the great flexibility of the 
diesel engine in its adaptability to so many fields 
of service. After an all-too-short tuna-fishing life, 
the Challenger became a part of our great Navy 
in this War, and spent the entire War period 
in the South Pacific. 


First diesel-electric tuna clipper with Atlas Imperial 
engines—1939. 
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The first Buchi turbocharged engine was produced 
in 1945. The present line of engines offered covers 
the range from the single cylinder 5 hp. to the 
six cylinder turbocharged 900 hp. engine. The 
engines are used for marine, stationary and indus 
trial work. Many of them have gone into the 
export markets of Mexico, Central and South 
America, and to the Pacific Ocean countries. 


UNION 


When distillate fuels were taken off the marke 
after World War I, Union began the developmen 
of its diesel engines. This started in 1921, but 
the engine was not placed on the market until 
1923. It was of the four cycle, mechanical injec 
tion, heavy duty type with enclosed crankcase, 
individually cast cylinders and forced feed lubrica- 
tion. The synchronized system of fuel control used 
was patented. 


The first diesel installation was a three cylinder 
engine of 65 bhp. in the Bureau of Fisheries patrol 
boat Kittitwake. This was followed by many en 
gines used all over the world in such craft as 
cargo boats, tow boats, South Sea trading schoon- 
ers, ferries, lumber schooners, tankers and tuna 
clippers. A notable installation is the 300 hp. 
six cylinder engine in the Canadian Mounted 
Police boat St. Roch which sailed through the 
Northwest Passage from Halifax to Vancouver in 
86 days in 1944. She had already made the west- 
east passage in 28 months, completing the trip in 
1942. 


Since the first diesel engine there have been steady 
improvements in the design, always with the view 
of complete reliability. The company took up 
turbocharging at an early date and built the first 
American heavy duty marine engine of that type. 


LORIMER 


This company was founded about 1936 by John 
W. Lorimer, who had retired from Atlas Imperial 
in the early 1930s, by his son Ralph Lorimer, and 
by Peter Bahr, an old associate and co-worker ol 
many years. They started in a small shop and 
soon acquired the property where the present shep 
stands. 


‘They started building small diesels of the fow 


Lorimer 40 hp. marine diesel, 534” x 7!/2”. 


is 2 


cycle type for marine, stationary and industrial 
power purposes. From the beginning the objective 
was to make the engines simple and reliable. One 
of the first is shown here. The crankcase was of 
welded steel construction, pump injection was 
used, and a simple throwover lever arrangement 
was provided for air starting as can be seen at the 
top of the cylinder. The governor was enclosed 
in the casing for covering the camshaft gear drive. 


From this beginning, they were seen buitding addi- 
tional cylinder sizes and multicylinder engines. 
Fabricated steel bases and crankcase frames have 
been retained for many of the engines, and the 
valve gear has been enclosed. Many of the marine 
engine models have been made directly reversible. 
| 

Recently, a simple single cylinder engine unit has 
been developed and marketed. In honor of the 
late John W. Lorimer, it has been named the 
‘Sturdy Scot.” A picture of an industrial unit 
with power takeoff clutch and radiator is shown 
here. 


BUCHI TURBOCHARGING 


\ development of the greatest importance to the 
four cycle engine is the method of supercharging 
developed and patented by Dr. Alfred J. Buchi 
of Switzerland. This system consists of an exhaust 
gas driven turbine which drives a centrifugal ain 
blower for supplying the engine cylinders with air 
under pressure. A large overlap in the intake. 
exhaust valve opening at the end of the exhaust 
stroke and the beginning of the intake stroke 
provides for a good scavenging of the clearance 


Eight-cylinder Lorimer diesel-generator set on common 
base. 


Union 8-cylinder turbocharged direct reversible marine 
diesel rated 1500 hp. 


Common base-mounted Union diesel, 750 hp., 
and generator. 
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ersible marine 


Latest Lorimer creation, "Sturdy Scott"—a small indus- 
trial power unit. 


space in the cylinder and a cooling effect. Advan- 
tage is also taken of the exhaust pressure impulses. 
[he use of the turbine for the blower gives the 
name of turbocharging. 


the development of this method covered a period 
of many years, and was adopted in Europe several 
sears before it was taken up in this country. 


Belore starting his studies in the Swiss Federal 
~ : Institute of Technology in Zurich, Dr. Buchi had 
passed a three-years’ apprenticeship in the Sulzer 
\h. Works at Winterthur, Switzerland. His father, who 
was then Works manager of this firm, wanted that 
he get well acquainted first of all with the produc- 
tion side of high quality machinery products. Dur- 
ing this stage he had the opportunity to be present 


on the tests with the very first diesel engine which 
was built in Switzerland. From the Swiss Federal 
Institute of Technology he obtained a degree as 
Mechanical Engineer. He had there the advantage 
of following the lectures and engineering courses 
of the late professor Dr. Aurel Stodola, the world’s 
best known expert in steam and gas turbines and 
thermodynamics. At that time it was still quite 
usual to give the students a very general knowl- 
edge in all technical fields, such as heat and water 
power engines, compressors and pumps, as well as 


it all phases of electrical cngincering. 

about |1937. 

His first employment as an engine designer and 
reseorch engineer was with Carels Brothers, Ghent, 
belgium. where he was in charge of one of the vers 
carliest. diesel engine manufacturing works. In 
thes works he got also the task of calculating, 
designing, and testing a gas turbine which was 
invented by an Austrian engineer, Adolf Vogt. It 
isworthy of note in this respect that the important 
md at that time quite outstanding experience 
gained with one of the very earliest gas turbine 
pProtoivpes gave him the idea of “turbocharging.” 
Patents were granted to him protecting in prin- 
tiple this system. 


later Buchi entered the Sulzer Works in Winter- 
thur, as Chief Engineer of their Research Depart- 
ment, and remained there for twenty years. There 
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and at the Carels works he had many opportuni- 
ties to work with Dr. Rudolf Diesel himself, who 
still suggested new proposals for diesel engines, 
especially in the locomotive field. Dr. Diesel pro- 
posed then to do all the compression work outside 
the engine cylinders in piston compressors up to 
about 450 psi. This suggestion was made in order 
to obtain a direct locomotive drive from the engine 
itself. Buchi carried through all the necessary 
tests and obtained there MIPs up to 310 psi 


In spite of all efforts to push the turbocharging 
scheme, tests on a Buchi-turbocharged diesel en- 
gine were not carried out until 1911-14 at the 
works of Sulzer Brothers, Winterthur. From 21 
up to 42.6 psi. absolute charging air pressure and 
quite unusual working pressures up to 1420 psi. 
were already then used. At about constant exhaust 
gas temperatures and heat transfer, the output of 
the engine could be raised from 20 bhp. up to 
72 hp., i.e. an increase of 3.6 times the output of 
the normal engine of the same cylinder dimen 
sions. The fuel consumption fell down from .47 
to .36 per bhp./h. This prototype engine had 
already worked with cooling of the supercharged 
air, and it was clearly demonstrated that for higher 
supercharging pressures this means allowed in 
creasing the supercharging ratio at a given pres 
sure ratio still further. 


In 1916 Dr. Buchi proposed, tor the first time for 
this kind of engine, the introduction of the sca 
enging of the combustion chambers, which meant 
a further improvement in supercharging efhciency. 
After the World War I some very large and suc 
cessful marine engines were built. Vulcan-MAN 
10-cylinder engines of 1700 bhp. cach were in- 
stalled in twin-screw ships. By turbocharging them 
and allowing « certain temperature rise in the 
exhaust gases, a power increase of about 40°) was 
obtained. 


~ 


In view of a further improvement of the Buchi 
system, Buchi suggested working with pronounced 
pressure fluctuations before the exhaust gas tur- 
bine. By this means a substantial part of the 
kinetic energy of the exhaust gases, which leave 
the engine cylinders with the speed of sound and 
high temperatures, can also be utilized in’ the 
exhaust turbine to its best advantage. In order 
to further increase the scavenging effect in the 
combustion cylinders and also to exclude any inter- 
ference during the scavenging periods through the 
exhausts of other cylinders, the subdivision of the 
exhaust gas manifolds into separated pipes and 
separated inlet nozzle sections on the turbine was 
introduced. ‘These ideas proved to be quite de- 
cisive in the further development and introduction 
of the system. By using these new ideas it proved 
to be possible that, depending on the supercharg- 
ing ratio and on the size and type of the diesei 
engine connected therewith and the admissible 
maximum working pressure, increases in output of 
50°) up to 100°) and more could be obtained 
without increased heat transfer in the engine cylin- 
ders and without overstressing of the engines. For 
engines working in high altitudes the advantages 


of this system are still more pronounced. 


The four-cycle diesel engine working with the 


Buchi system even proved to be superior to any 
kind of normal diesel engine of the same size and 
type, also as concerns fuel consumption, overload 
capacity, space and weight requirements. 


Four-cycle diesel engines as small as 100 bhp. 
and up to 6000 bhp. per unit have been success- 
fully turbocharged. The reliability of Buchi turbo- 
charged diesel engines has proved to be outstand- 
ing. Many large liners and freighters have covered 
a mileage of well over one million without failure. 


Ihe first application of a turbocharger in this 
country was to a Cooper-Bessemer engine in 1935. 
In 1936 the American Locomotive Company ap- 
plied a turbocharger to a six cylinder 121% in. by 
13 in. railway engine of its standard type for 
switcher service and raised the horsepower rating 
from 600 hp. to 900 hp. This first turbocharged 
engine was placed in heavy transfer service where 
it was a success. Alco then adopted this turbo- 
charged type as commercially standard for the 
higher engine rating. By the end of 1939 some 
75 of these engines had been placed in railway 
switching service. All of these turbochargers had 
been imported from Brown Boveri in Switzerland. 


In the meantime, American Locomotive had ac- 
quired a design and manufacturing license from 
Buchi and had developed its own turbocharger. 
The first one was turned out in production in 
January 1940. From then on Alco increased its 
production of turbocharged engines for railway 
and Navy work, and for some stationary jobs. 


The Elliott Company also acquired a design and 
manufacturing license from Buchi and began mak 
ing turbochargers for all engine manufacturers in 
this country. While the start was slow, the War 
gave the application of these a tremendous im- 
pulse. In total horsepower, the volume of turbo- 
charged tour cycle engines operating and built in 
this country today surpasses what has been done 
in Europe. ‘Turbocharging of medium and large 
size four cycle engines is today a usual thing. 
‘Turbocharging of two cycle engines has been de- 
veloped and is ready to be applied commercially. 


MACK 


Among the first American manufacturers to be- 
come interested in the development of automotive 
type diesels was Mack Trucks, Inc., which as early 
as 1927 initiated research and experimental work 
seeking to determine the economic possibilities and 
engineering limitatons of compression-ignition en- 
gines for buses and trucks. From that date the 
work has continued without interruption down to 
the present day. Actual manufacture of the Mack 
diesel engine did not take place until 1938, since 
which time they have been in continuous pro 
duction, 


During the trial period, various diesel engines of 
both European and American manufacture were 
tested, both in the laboratory and in Mack vehicles 
on the road. A Mercedes-Benz diesel engine was 
installed in a Mack chassis in the early thirties. 
Shortly after that time an American Cummins 
diesel was installed in a Mack bus and driven 
across the cor “ent. 
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Lanova single-lobe combustion system as used in Mack 
diesels. 


Also, during this period, Mack engineers spent 
several months in Europe studying diesel engines. 


Experimental work was carried on in the com- 
pany’s engineering laboratory in Long Island City, 
N. Y., in the early thirties, later being transferred 
to the engineering laboratory at Plainfield, N. J., 
where it has been carried on since. During this 
development period, six-cylinder and single-cylin- 
der experimental diesels were built and tried out, 
including sleeve-valve and poppet-valve types, two- 
stroke and four-stroke, open-chamber, air-cell, ante- 
chamber and Lanova types. 


By the year 1935 the results of all these trials and 
experiments led the company to settle upon the 
Lanova energy-cell type of combustion system and 
while experimental work continued for many years 
after on other forms of combustion system, the 
Lanova type is the only one on which serious 
development work has since been centered. 


Actual development of the Mack diesel engine 
began about this time, starting with the Ober- 
hansli antechamber type of combustion chamber 
and later switching over to the Lanova principle. 
In this work Bruno Loeffler, Ernest R. Roy and V. 
C. Young were the principal contributors. 


Great emphasis w= placed on the structural de- 
sign of the engine, with the object of securing 
maximum rigidity, positiveness of drive of the 
various auxiliaries and accessories, avoidance of 
wide variations in the temperatures of various 
parts, minimizing vibration and noise and the 
attainment of the maximum accessibility for main- 
tenance. 


In this connection, Mack was the first successfully 
to use the split-skirt type of aluminm piston on a 
diesel engine, the first to use the tongue-and-groove 


Below: Mack 519 cu. in. automotive diesel rated 13! hp. 
at (2000 rpm. 


connecting-rod cap lock and directed water flow 
to the jackets adjacent to the nozzle. 


It was found that in the Lanova type engine, the 
design of the energy cell was of tremendous im- 
portance and, as there were no formulae upon 
which the design of these important elements could 
be based, it was necessary to proceed by trial and 
error. All of these studies were made with the aid 
of the oscillograph, this being the first time this 
useful instrument was used for such purpose. 


Longitudinal section of front half of Mack 672 cu. in. 
diesel. 


For injection, the multiple-unit system was em- 
ployed, consisting of a six-barreled plunger-type 
injection pump, mounted on the side of the crank- 
case, supplying the nozzles through tubes. By 
virtue of this, the removal of the cylinder heads 
for access to the valves and pistons did not involve 
any disturbance of the injection pump or its ad- 
justments. 


Among the innovations developed in the injection 
system was the first use of extra-long injection 
nozzles for the purpose of keeping them much 
cooler. Another was the flange-mounted injection 
pump, whereby more positive and lash-free drive 
of the pump, directly from the timing gears was 
attained, with all parts fully inclosed and sealed, 
tamper-proof. Another development comprised 
sleeves brazed over the ends of each tube so that 
the concentration of stress at the connections was 
avoided. This was done as early as 1935. 


In connection with the development of the injec- 
tion system, it was found necessary definitely to 
tailor the injection pump to the engine and in the 
same manner, a great many experiments were 


Close up of fuel injection pump and governor on Mack 
diesel. 
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Longitudinal section of rear half of Mack 672 cu. in. 
diesel. 


necessary before the pintle type was adopted and 
the ideal spray angle for this engine was developed. 


This early development found the problem of 
governing high-speed diesel engines is far from 
solved. Mack pioneered along two lines: First, the 
function of the governor was enlarged to embrace 
limitation of maximum speed and an idling spring 
was incorporated in the governor. 


Second. direct control of the rack by the accelerator 
treadle was abandoned in favor of a variable gov- 
ernor spring, so that the operator’s control was 
through the governor only. This made for steadier 
running and saved the engine from considerable 
abuse which would result from erratic or violent 
manipulation of the accelerator. 


Much attention was given to the matter of filtra- 
tion and elimination of air in the injection system, 
and these efforts proved so successful that the en- 
gine became practically self-priming. 


Naturally a great deal of work was done with 
lubricating oils and fuels. In this work it was dis- 


Complete Mack bus diesel power plant with torque converter. 
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Transverse section of Mack 672 cu. in. vertical diesel. 


covered that the Lanova type engine exhibited a 
greater tolerance of fuel than any other tested. 
There was early recognition of the necessity for 
detergent and wax-free lubricating oils and for 
much more intensive filtration of lube oil than 
had been found necessary in gasoline engines. 


In connection with extensive experimentation with 
injection timing, it became apparent that a fixed 
port closing time placed severe limitations on the 
engine. The ideal port closing for good starting 
and idling was much later than that required for 
full power and clean combustion at full load and 
speed. It was therefore realized that variable injec- 
tion timing was necessary if the operation of the 
engine at all loads and speeds and at idling and 
good starting characteristics were to be obtained. 


Accordingly the development of an automatic in- 
jection timing control was undertaken, resulting 
in the perfection of a centrifugally-operating drive 
coupling which varies the port cut-off time through 
a range of approximately 11 degrees of flywheel 
travel from starting and idling up to full speed. 
This device was christened the Synchrovance. 


Transverse section of Mack 672 cu. in. diesel for 18 
degree tilt—for transverse mounting in bus. 


Quick and reliable starting, of course, is a primary 
requisite, and for this purpose nothing but electric 
starting could be seriously considered. A com- 
promise was finally made on the standard 24-volt 
starter operating in connection with a standard 
12-volt system by means of two sets of batteries 
with a solenoid-operated series-parallel switch 
which arrangement has since become the standard 
for automotive applications. 


Need for pre-heating the air for cold-weather start- 
ing was recognized from the start and a large 
number of schemes were tried. Currently, results 
far superior to any previous methods have been 
secured with a fuel-oil-burning flame-thrower, at- 
tached to the intake manifold and operated by a 
simple push-button on the instrument board. 


Production of the Mack diesel engine got under 
way in 1938, the first engine being of 519 cu. in., 
developing, for truck service, 131 hp. It was an 
orthodox-type six-cylinder engine in which the 
cylinders and crankcase were cast in a single block 
with heads cast in two blocks of three, completely 
interchangeable. From the start it was equipped 


Twelve-cylinder, 400 hp., light we supercharged diesel developed by Mack 


for Navy in 1944. 


¢ 

| | | | [mS = 4) 

= 

| 

‘og P 

209 


General Motors, Detroit Diesel, 7! 
engine. 


Series aulomotive 


with a 314-inch case-hardened and fully-counter- 
balanced crankshaft, split-skirt aluminum pistons, 
diagonally-split connecting rods and dry liners in 
the cylinders. It employed the Lanova combustion 
system and multiple-unit injection through pintle- 
type nozzles. 


After the first 519 cu. in. engine in 1938, a larger 
engine of 605 cu. in. displacement was added and 
two smaller ones, 405 cu. in. and 457 cu. in., re- 
spectively. These were similar in all essentials to 
the original and like it, were developed in three 
distinct forms whjch, while similar in basic con- 
struction, were carried Gut differently as to detail 
in order to fit them for specific applications. These 
variations were contemplated at the outset, so that 
makeshift alterations were obviated. 


One type, of course, was the basic truck type, 
adapted to longitudinal mounting and with the 
accessories mounted on both sides. Another was 
the bus form, adapted to transverse mounting at 
the rear of the bus and designed to be tilted 18 
degrees off the vertical toward the rear. This bus 
engine, because of its location, was arranged so 
that all accessories and parts requiring access for 
maintenance were mounted on the rear face of the 
engine, which corresponds to the right side of a 
longitudinal powerplant. 


A third development of these engines was for 
marine use, embodying such things as a closed 
fresh-water cooling system in connection with a 
sea-water-cooled heat-exchanger, 
water-cooled exhaust manifold, either front or rear 
flywheel position, etc. 


an oil cooler, 


Supercharging of both the Roots blower and the 
Buchi exhaust-driven turbine type was experi- 
mented with extensively. 


With the coming of World War II, the Mack com- 
pany was called upon to build a large number of 
10-ton four-wheel-driven six-wheeled military trans- 
port trucks for both the British and United States 
armies. In all, 15,073 of these were built, equipped 
with the Mack 519 cu. in. diesel engine and were 
used in the North African, Pacific and European 
theaters of war. 


Mack was also selected by the Navy to develop 
a 400-horsepower, 12-cylinder, V-type supercharged 
diesel which, because of the stringency of alumi- 
num at that time, had to be built largely of fabri- 
cated and welded steel. This engine was the first 
built by Mack with the single-lobe type of Lanova 
combustion chamber, although experimentally this 
engine had shown great promise. Having a dis- 
placement of 1210 cu. in., it developed 400 horse- 
power at 2100 rpm. and weighed, dry, 392.3 
pounds, or 9.81 pounds per horsepower. It had 
individual cylinders with integral heads, a single 
camshaft in the valley and aircraft type valve 
rocker boxed on each head. 


Naturally, during the war very little development 


work other than for the military could be con- 


International Harvester Model UD-I4 diesel released for 
production in (1939. 
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ducted, but upon the cessation of hostilities, active 
work was resumed, resulting in the production oj 
an entirely new model of 672 cu. in. displacement, 
employing the single-lobe Lanova combustion sys. 
tem and a new hydraulically-actuated governor 
employing speed-droop and torque-control ‘ea. 
tures. This new engine, which up to the present 
has been applied to buses only, has a 4-inch crank. 
shaft and a number of other improvements but 
basically is similar to previous Mack diesels. 


DETROIT DIESEL 


The General Motors Corporation already had the 
Cleveland Diesel Engine Division for building the 
larger stationary and marine engines, and the 
Electro-Motive Division for railway diesels. So the 
Detroit Diesel Division was founded to supply the 
smaller engines required for automotive applica. 
tions and the industrial needs in the lower power 
ranges. The design chosen was the General Motors 
type previously developed in the Research Labora. 
tories under the direction of C. F. Kettering. It 
was of the two cycle type with a rotary blower for 
supplying the scavenging air and the exhaust 
valves were in the cylinder head. 


From the beginning of the project there were two 
major objectives in mind. The engine must be 
adaptable to a variety of applications with a 
minimum change in assembly and addition of 
accessories. The engine must be suitable for mass 
production at low cost. 


The result of the preliminary design and develop- 
ment work was the engine that has become known 
as the Series 71. A new factory for building these 
engines was erected in Detroit and the Division 
began its operations in 1938. 


‘There was a steady growth in the business, and 
by December, 1941, when war broke out, the com- 
pany had built and sold 18,147 engines represent- 
ing over 2,000,000 horsepower. ‘These engines had 
been installed in trucks, buses, ice plants, air- 
conditioning units, sawmills, feed mills, cranes, 
shovels, tractors, pleasure boats and fishing craft, 
mines, rock crushing plants, quarries, irrigation 
pumps, oil wells, cotton gins and for other uses. 


INTERNATIONAL HARVESTER 


From 1936 to 1940, the laboratory research and 
development program was greatly expanded. |m- 
proved instrumentation including a high speed 
camera made possible a very complete study of the 
phenomena of fuel injection and combustion in 
the diesel engine. Many types of precombustion 
chambers, injection pumps, and nozzles were in 
vestigated and a complete improved line of en 
gines developed, known as Model UD. 

Although using basic precombustion cham ve! 
construction, the design of the chamber in these 
engines was radically changed. Excess air fa tol 
was reduced without increasing peak combust io! 
pressure or maximum rate of pressure rise in the 
cylinder. It improved the combustion contro] ot 
variable load, increased the bmep, and incre: sed 
the speed range. 

ceed And now please turn to page 216. . 


DIESEL PROGF ESS 


MAY 19468 


| 
| 
at 
>. | i 
2 Series 6-71 G-M Detroit Diesel marine engine. 
é = >. 
Skid-mounted Detroit Diesel generating unit. 
dq >) il 
| 
| 


stilities, active 
production of 
displacement, 
mbustion sys. 
ited governor 
e-control ea. 
o the present 
4-inch crank. 
ovements ut 
diesels. 


eady had the 
building the 
1es, and the 
jiesels. So the 
to supply the 
applica- 
lower power 
neral Motors 
arch Labora- 
<ettering. It 
blower for 
the exhaust 


re were two 
ine must be 
ons with a 
addition of 
ble for mass 


ind develop. 
come known 
iilding these 
the Division 


usiness, and 
ut, the com- 
es represent 
engines had 
plants, air- 
nills, cranes, 
fishing craft, 
irrigation 
r other uses. 


ESTER 


research and 
panded. |m- 
high speed 
study of the 
mbustion in 
ecombustion 
les were in 


line of en 


cham )e! 
ber in these 
ss air facto 
combus! iol! 
> rise in the 
contro! on 


id incre: sed 
216. 


ESS 


This new, 6-cylinder International Diesel 
engine is completely equipped as a self-con- 


THE INTERNATIONAL UD-24 DIESEL 
POWER UNIT—installed as replace- 
ment of steam power in a Florida 
planing mill. The owner reports that 
operating costs were cut and fire haz- 
ards of the steam generating plant 
were eliminated by this International 
Diesel installation. 


liners; induction-hardened crankshaft and 
other vital parts; full-pressure lubrication 


tained power unit. It delivers 180 working mrTERNATIONAL throughout; and efficient fuel, lubricant and 


horsepower at 1375 r.p.m. and establishes 
new standards for power and performance among 
high-speed Diesels. 

The UD-24 is new from radiator grille to power 
take-off and represents the ultimate in Diesel engi- 
neering in its power class. All-weather, push-button 
starting; thermostatically controlled cooling; a twin- 
plunger fuel injection pump; efficient, precombus- 


tion fuel injection; file-hard, replaceable cylinder 


INTERNATIONA 


CRAWLER TRACTORS + WHEEL TRACTOR 


air filtering systems! These are a few of the 
features which assure economical and dependable 
operation of this great power package for heavy- 
duty work. 
Ask your International Industrial Distributor for 
the complete story on this new giant of power. 
Industrial Power Division 
INTERNATIONAL HARVESTER COMPANY 
180 North Michigan Avenue Chicago 1, Illinois 
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The original poppet type 1H injection nozzles 
‘were retained but American-Bosch multi-plunger 
type injection pumps with governor were used. 
The torque control characteristics of the governor 
were worked out in the IH laboratory. This com- 
pany feels that it was one of the first ones to insist 
on governed torque control on diesel engines. This 
device provides fuel for optimum engine torque 
performance regardless of the inherent discharge 
characteristics of the fuel pump. 


Early in 1941, a new IH single plunger type fuel 
injection pump was released for production on 
the four cylinder engines of the UD series. 


Since the War pcriod, two new six cylinder engines 
have been developed to fill out the line. One of 
them was built around one of the four cylinder 
engines, and the other is a larger engine with 
cylinders 534 in. by 7 in. 


Among design problems, this company has placed 
particular emphasis on easy starting, good per- 
formance and low cost of fuel injection pump and 
nozzle equipment, combustion chamber design for 
good overall engine performance, piston design, 
and satisfactory engine performance in service. 


The latest development is an engine that has manv 
of its parts used interchangeably with the corre- 
sponding size of gasoline engine. The production 
line in the factory produces both types of engines, 
the basic assembly parts of both being the same. 
This reduces costs and speeds up production. 


In 1938, the company produced its first tractor 
designed exclusively for industrial use. It was not 
simply a farm tractor readapted. This opened up 
a new field with its own characteristics and de- 
mands. It led in 1944 to the creation of an Indus- 
trial Power Division distinct from the Farm Trac- 
tor Division. In 1945, the company purchased its 
present Melrose Park, Illinois, plant and etsab- 
lished its industrial division activities there, al- 
though the Milwaukee Works and the Chicago 
Tractor Works are associated in these activities. 


NAVY DIESELS IN WORLD WAR II 


What the Navy did with diesels in the 1939s gave 
them a good background for tackling the problems 
of the second World War. In many cases it was 
only necessary to continue what had already been 
begun but step up the quantities made. This was 
a manufacturing problem and was well handled 
by several of the diesel engine builders. But some 
further development work was required and was 
done. Existing engines or apparatus was modified 
to suit, and used for Navy purposes. In order to 
mect the tremendous quantity requirements dur- 
ing the War and solve all of the innumerable 
application problems, this was necessary. 


One of these was-the special type generator sets 
needed for magnetic mine sweeping. Hundreds of 
wooden mine sweepers were built with two Cleve- 
land Model 268 eight cylinder engines with 614 in. 
by 7 in. cylinders rated at 500 bhp. at 1200 rpm. 
with reversing gears for propulsion and another 
such engine with an extra heavy flywheel and a 
special generator as shown in the picture was fitted 


for supplying the magnetic current for sweeping. 


Several methods were used to connect the diesel 
engines with the propeller shafts. Some were direct 
connected. Electric drive was employed. Reduc- 
tion gears with hydraulic couplings between the 
engines and the gears were used. And where the 
engine could not be made directly reversible, a 
reduction gear with double Fawick Airflex 
couplings were used. All of these methods helped 
to give flexibility in matching diesel engines avail- 
able against ship installation requirements. 


The Navy early took an interest in Buchi turbo- 
charged engines and purchased the first Cooper 
Bessemer turbocharged eight cylinder engine for a 
service test in a submarine. This engine was built 
in 1935. 


In 1939, the Navy signed a contract for submarine 
chasers to be propelled by Cleveland Diesel Model 
2588S engines. These were a new development of 
sixteen cylinder V type engines. Cylinders were 
9V in. by 12 in. of the four cycle type. Two turbo- 
chargers were used, one at each end for each bank 
of cylinders. The engine was directly reversible 
and developed 2000 bhp. at 900 rpm. Many of 
these engines were built and installed. They had 
welded steel frames, and eventually fabricated steel 
porous chrome wearing surface cylinder liners. 
But they did present one problem with their 
numerous uncooled exhaust headers. 


Perhaps the most outstanding engine was the so- 
called “Pancake” type. It was designed and de- 
veloped by the General Motors Research Division 
where the first engine passed its acceptance tests 
on October 31, 1940. Later, considerable num- 
bers of them were built by the Electro-Motive 
Division. It had a vertical four throw crankshaft 
with four cylinders in each layer all connected 
to the same crankpin. The cylinders were 6 in. 
bore by 614 in. stroke and the engine developed 
1200 bhp. at 1800 rpm. It was connected through 
2 to I ratio bevel reduction gear to the horizontal 
propeller shaft. The engine weighed 414 Ibs. per 


Displace- Piston speed BMEP psi_ Specific 


cycle opposed piston 
cycle double acting 


cycle double acting 
cycle turbocharged 
cycle pancake 


ment fpm volume 
Cu. In Cu. In. 
per bhp 
1,330 500 64.3 66.5 Four cycle 
6,900 900 78.9 25.1 Four cycle 
7,000 920 56.4 15.55 Two cycle 
117,900 853 64.8 47.1 Two cycle 
9,410 944 56.1 15.68 Two cycle 
10,670 906 59.3 17.8 Two cycle 
5,105 800 58.25 17.01 Two cycle 
8,315 93+ 57.1 19.8 Two cycle 
6,362 730 85.4 26.5 Four cycle 
12,020 933 72.6 27.3. Four cycle 
13,400 957 72.1 26.8 Four cycle 
17,190 950 73.0 28.55 Four cycle 
17,070 955 59.7 18.97 Two cycle 
21,130 933 74.9 30.2 Four cycle 
- 38,700 1187 54.6 38.7. Four cycle 
24,600 1173 75.8 24.6 Four cvcle 
42,900 1200 74.9 30.65 Four cycle 
47,700 1120 60.2 21.2 Two cycle 
185.8 1060 74.7 7.46 Four cycle 
414.8 1560 67.4 6.91 Four cycle 
468.3 1728 94,2 4.46 Four cycle 
6,040 1200 86.6 6.36 Two cycle 
8,042 1250 85.3 6.19 Two cycle 
8,042 1200 89.0 6.19 Two 
13,570 1561 54.25 10.4 Two 
1,858 1400 88.8 3.72 Two cycle 
65,400 1610 60.5 15.56 Two 
13,610 1800 128.3 6.8 Four 
2,940 1950 89.8 245 Two 
425.7 1750 99.6 1.89 Two cycle 
6,815 1250 71.0 7.57 Two eycle 


Section showing International carburetor for starting 
diesel engine on gasoline. 


horsepower. Of the two cycle type, the centrifugal 
blower was driven by the upper end of the crank- 
shaft. A bridge controlled variable pitch propeller 
provided for reversing. These engines were in- 
stalled in subchasers, the first completed in 1942. 


One of the most interesting services rendered by 
the diesel engine was the ability of the same engine 
to power nearly all of the various types of landing 
craft. This engine was the General Motors Model 
71 built by the Detroit Diesel Division. It was a 
six cylinder two cycle engine rated at 225 bhp. at 
2100 rpm., with cylinders 414 in. by 5 in. It was 
fitted with marine reverse gear and reduction gear. 
One engine gave the necessary power for a 36 
foot boat, and two, three and four engines were 
combined to provide for the larger craft; in some 
cases twin screws were used. Tens of thousands of 
these engines were built. 


The use of the diesel engine in the Navy can per 
haps best be indicated by the fact that as of 
October 1943, the combined horsepower of diesel 
engines installed exceeded that of the steam 
turbines for the first time in history. Today, it is 
a diesel Navy. One way of measuring how far the 
diesel has come in Navy work can be measured by 
the accompanying tabulation. 


Engine Type 


Remarks 
First Diesel in U. S. A. 
First in U. S. Navy—Subs E-1, E-2 
Hand K classes, modified for L class 
USS MAUMEE 


Sub. G-3 

Lake L class submarines 
Lake N ” 

Sub. M-1 


H and K classes re-engined 
EB Co. O and R classes 
Lake O and R classes 

EB Co. S-1, S class 

Lake S-Z, S class 

Navy Yard S-3, S class 

EB Co. T class 
Government § class 

Sub V-4 

Lake V class 


Navy Power boats 


Original Protoype 

Porpoise class subs. 
Plunger-Pollack subs. 
Pompano submarine 

YMS mine sweepers 

USS MAUMEE re-engining 
PC451 and class 

S$C453 and class 

Landing craft 

LST’s 
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Skeleton view of International single-plunger fuel injec- 
tion pump. 


The influence of Navy development has carried 
over into commercial work, and vice versa. One 
item of this sort is indicative. Early in the War, 
the Navy found that for military reasons, welded 
steel structures were necessary for Naval engines. 
After that, all engines had such structures. This 
gave a tremendous impetus to the science and art 
of fabricating engine bases and frames, and the 
effect is carried over into commercial work. Even 
though such structures were known and used years 
before the War, it was the War necessities which 
spread their use. 


Mention also must be made of the tremendous 
problem of training the men necessary to operate 
these diesel ships. Officers were trained at the diesel 
schools established at Penn State, Cornell and 
North Carolina State Universities. Operators were 
trained at the Amphibious Diesel Engineering 
School at Flint, Michigan, at the Chicago Steel 
Pier School, and at the Miami Subchaser Base, to 
say nothing of the training work done by the 
manufacturers. 


The Navy was operating all over the world and 
the problem of establishing repair bases and pro- 
viding adequate stores of spares for use when they 
were needed was an undertaking by itself, and it 
was successfully accomplished. 


Vice-Admiral E. L. Cochrane, the wartime Chief 
of the Bureau of Ships had this to say of the diesel 
engine and its record in the Navy during the War: 
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Injection side of International new Series 6 convertible 
engine. 


Ignition side of International Series 6 convertible engine. 


Cleveland Diesel (G-M) Model 268 diesel 


with special generator for the Navy. 


Above: Sixteen-cylinder, 4 cycle 
charged Cleveland Diesel—2000 hp. 


Left: Various horizontal sections of the G-M 


“Pancake” diesel, developed for the Navy. 


“The United States, in this last war, built thou- 
sands of ships and 90 per cent of them were diesel 
powered. There was no vessel that was not equip- 
ped with diesel power of some kind; much use was 
made of diesel auxiliaries. The whole landing 
craft program was diesel powered, and these ships 
worked under the most strenuous conditions. In 
many an emergency, when a ship was bombed, 
diesel engines saved the day. Not a single one 
failed us in a critical operation.” 


BUDA 


In 1940, the company announced the development 
of a new lightweight radial type diesel engine. 
During the War, until 1944, the company pro- 
duced this engine in quantities for use in tanks. 


Today the company builds a line of modern en- 
gines to meet the varied requirements of marine, 
stationary, automotive and industrial purposes. 
This calls for a wide assortment of accessory attach- 
ments to the basic engines, and there are over 
fifteen sizes of the latter. The range of powers 
covered is from 15 to over 300 hp. The largest 
engines are supercharged by attached rotary type 
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Buda Model 8 DCMR 2505 Marine 

diesel. Note, second number in 

Buda model designation is piston 
displacement in cubic inches. 


Mobile sawmill with Buda 6 DC-844 
diesel—125 hp. at 1400 rpm. 


Universal crushing plant powered with Buda diesel. 


Buda diesel driving rice irrigation pumps. 


blowers. Some sizes can be arranged to operate on 
either diesel or gas fuel. 


In addition to the diesel line, the company bu ids 
some twenty-one sizes of gas, gasoline and but: ne 
engines. 


All Buda diesels are of the four cycle type and the 
“controlled turbulent” combustion is featured. 
The engines are built for operation at various 
speeds and varying loads under governor control. 
For easy starting, some means of heating the intake 
air is provided. 


CATERPILLAR 


As the use of these engines spread, new types of 
applications brought the need of developments 
and modifications in the existing line of engines 
and the need of new models. The second World 
War brought a greatly increased demand for these 
units also, and it brought the call for a new 


development. 


In July, 1941, the Army needed more tanks and 
more engines for the tanks. A Guiberson radial air 
cooled engine was being used in some tanks and 
the Army asked Caterpillar to use their facilities 
to produce such engines. But after some discus- 
sion, this plan was abandoned in favor of convert. 
ing a Wright G-200 engine to diesel operation. 
Such a conversion must not trespass on the use of 
any critical materials needed for the airplane 
engine production. 


About a year’s intensive work produced such an 
engine ready for test. Development work con- 
tinued during the preliminary tests, and _finall 
the tests of tanks with such engines on the tank 
proving grounds convinced all concerned that the 
new engine was suitable and proper for produc. 
tion. It was an air cooled, four cycle, single row, 
nine cylinder radial engine of 614 in. bore by 
67% in. stroke and with all accessories and super- 
charged it developed 450 hp. at 2000 rpm. It 
weighed 3,500 Ibs. 


The first engine rolled off the assembly lines and 
passed its initial break-in run on July 23, 1943. 
And the company was getting ready to settle down 
into mass production of these engines when word 
was received that the progress of battle made them 
unnecessary. The company’s regular products were 
needed instead. 


DETROIT DIESEL 


At the outbreak of World War II this company 
already had an engine suitable for many Army 
and Navy uses. So the Detroit Diesel Division was 
soon called upon to increase its production to ten 
times what it had been. At the outset no one could 
foresee what all of the uses would be nor what 
new applications would be found. 


The first production was concentrated on single 
units with various numbers of cylinders as had 


Austin-Weston motor patrol powered with Buda ciesel. 
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Above: Caterpillar tractor pulling bean 
harvester. 
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sm Left: Five diesels and two gas engines, 
all Caterpillars driving pipeline pumps 
at Salem, Illinois. 
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Below: The line of Detroit Diese! single 
engine Series 7! engines, from one to 
six cylinders. 
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Caterpillar marine diesel with Twin Disc gear. 
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Diesel-electric generating unit with Caterpillar D-17,000 Later came the quad, a unit of four engines con- 
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An Alaska fish packer vessel with Caterpillar diesel main engine. The engine assembly line in the Detroit Diesel Engine Division, G-M plant. 
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high speed, heavy duty diesel engines when war 
was declared and had a complete line to offer that 
was quickly adaptable to war service, an unpre- 
cedented demand on its engine building facilities 
was made by every branch of the armed services of 
the United States and our Allies. 


In fact, even prior to the war the United States 
Government initiated a limited amount of “de- 
fense” program development. This included a 
light weight 6 cylinder marine, supercharged, 270 
hp. diesel engine which was built by Hercules. 
This engine was known as the Model DNX-6. 
When war was declared, it was put into produc- 
tion. To take care of this production, Hercules 
formed a subsidiary company in Buffalo, New 
York, known as the D-N-X Engine Corporation. 


In addition to building approximately 2000 of 
these marine engines, the D-N-X Engine Corpora- 
tion completed several other contracts with the 
United States Navy for the construction of fire 
pumps, generator sets and cargo pumps, all of 
which were driven by other sizes of diesel engines 
built at the Hercules plant in Canton. Following 
this, the company produced the Model DWXDS 
supercharged, 160 hp. diesel marine propulsion 
unit providing the United States Navy with some 
2,000 of these. This engine has a top speed of 
2600 rpm. 


Shortly before the invasion of the European con- 
tinent, the United States Navy urgently requested 
that Hercules Motors Corporation furnish 800 
ten-kw. diesel engine driven generator sets for the 
landing boats, and 1000 large capacity diese! en- 
gine driven fire pumps—all to be delivered within 
100 days. ‘The Navy received them on time. Re- 
peat orders came in immediately and were almost 
doubled. 1600 generator sets and 1500 fire pumps 
were needed immediately. 


Approximately 9000 Hercules DFX 250 horsepower 
automotive type, high speed, heavy duty diesel 
engines were built for the Armed services during 
the war, for tank transporters used extensively and 


with tremendous success during the European 
campaign. 


In addition to the Hercules diesel engines sold 
directly to the United States Armed Services and 
to its Allies, many manufacturers, who devoted 
their production facilities to building fighting 
equipment and their equivalent during the war, 
instal’ed Hercules engines in their products. Trac- 
‘tors, generator sets, compressors, pumps, hoists, 
cranes, locomotives, excavating machinery and 
many other products were powered by Hercules 
diesel engines. Approximately 4,000,000 horse- 
power in diesel engines was built by Hercules 
Motors Corporation for war purposes. 


The latest Hercules engine development — the 
Model DNX-V8, is the commercial outgrowth of 
the 32 cylinder, high speed diesel engine which 
the company was called upon to develop for the 
United States Navy during the war. The termina- 
tion of the war brought this development work to 
a close, but not before the soundness of the design 
and principle of operation had been established. 


G-M, Detroit Diese! “Twin" engine used in M3 


“Quad” arrangement of 4 Series 7! diesels to 
drive a single propeller shaft. 


Hercules quadruple V-8, 32-cylinder diesel de- 
vel 


diesel-generating unit for 
lectric propulsion—!941. 


AMERICAN LOCOMOTIVE 


As part of the war program a number of 6-12 4 x 
13-T engines werc built in 1941 for diesel-ele:tric 
ships and also for direct drive through reduc ion 
gears. This 538 model was six cylinder, in-':ne, 
1214 in. bore, 13 in. stroke, four cycle, turbo. 
charged, rated 1020 hp. at 740 rpm. with struc. 
tural steel sub-base and frame. 


‘The only submarine engine built was the 540 
model, which was of substantially the same design 
as the 538 model except that it was especially de. 
signed for submarine application which required 
reduction in weight and limitation in outside di- 
mensions. This model was also used in a number 
of PC Navy vessels using reduction gears. 


The outstanding accomplishment in the history 
of Alco diesels is shown in the production (1944) 
of the V-9x1014 engine. It is essentially for loco- 
motive service, particularly fast moving transporta- 
tion. The bore is 9 in., stroke 1014 in., and is 
rated 125 hp. per cylinder at 1000 rpm. It is made 
in the twelve and sixteen cylinder V Models and 
is supercharged. The designs of this engine have 
incorporated the latest design features and manu- 
facturing processes including welded steel bases 
and frames. 


The six and eight cylinder 1214 x 13 engine was 
developed in 1945 for the stationary and marine 
field using an Elliott turbocharger and oil cooled 


pistons. 


The development of the Alco diesel engine has 
included a range of sizes from 51% in. bore to 
32 in. The engines built in 1915 were extremely 
heavy and slow speed while today they are much 
lighter and higher speed. The engines built in 
1915 weighed approximately 65 lb. per hp. with 
a rotative speed of 185 rpm. The piston speed at 
this time was 750 to 800 ft. per minute and the 
brake mep. was 72 to 75 Ib. per square inch. 


The latest models, which indicates the trend in 
these various characteristics, weigh approximately 
15 to 20 Ib. per hp. with a rotative speed of 750 
to 1000 rpm. and piston speeds of 1500 to 1750 
ft. per minute and bmep’s of approximately 150 Ib. 


BALDWIN 


During World War II, this company contributed 
its share towards the war effort. In the diesel 
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A 2000 hp. Baldwin road locomotive with 2, 8-cylinder 
engines. 


} engine was 
and marine 


id oil cooled 
line, auxiliary generator sets were supplied to the 


Maritime Commission and to the Navy. Divect 
reversible and diesel generator sets for electric 
drive were turned out in quantities. And there 
were diesel switchers for railroad work. 


| engine has 
in. bore to 
re extremely 


ey are much § .. , 
y Since the War, several models of engines have 


been in production. The model VG (Series 200) 
has cylinders 15 in. by 1814 in. and is rated at 
% bhp. per cylinder at 327 rpm. The series 10 
has cylinders 17 in. by 24 in. and is rated at 135 


nes built in 
per hp. with 
ston speed at 
and the 


we inch. bhp. per cylinder at 280 rpm. The series 700 has 
oT 17 in. ay 20 in. cylinders and develops on hp. 
: per cylinder at 360 rpm. The series 600 is the 
proximately © omotive engine with cylinders 1234 in. by 514 Two views above show Baldwin 3000 hp. road 
speed of 79° in. and gives 125 bhp. at 625 rpm. All of these ye veered oe an ao at tk on bs Transverse section of the Alco, 9x 10/2, V-type loco- 
S68 to 57m models are built up to eight cylinders per unit in each locomotive. mative aah, 


b. 
mately 1501 and are supercharged by the Buchi system when 


the extra power is needed. All of these models 
are available for stationary service and for marine 
electric drives. Some of them are made directly 
reversible for marine work. The first two models 


contributed 


n the diesel 


Alco, 16-cyclinder, 2000 hp., turbocharged 


retain the company’s own fuel injection system. locomotive engine ond generator 
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Busch-Sulzer four-cycle Buchi turbocharged engine for 


army tugs—1943. 


Cleveland Diesel, G-M, {!6-cylinder, 1600 hp. diesel-generator unit 
for marine electric propulsion. 


The 600 series engines have fabricated steel struc- 
tures. The camshaft is at the side of the engine 
and the intake and exhaust valves are operated 
by pushrods. Fuel injection pumps are above the 
camshaft. The engine is entirely enclosed. The 
company is still actively pursuing its diesel de- 
velopment program. 


BUSCH SULZER 


1941 saw World War II threatening and Busch 
began speedily preparing for the inevitable catas- 
trophe which finally overtook us. The company 
did not have a light weight, high speed engine 
that would conform with certain requirements of 
the U. S. Navy, and was requested to build the 
American Locomotive Company's diesel type loco- 
motive engine. In four separate contracts, a total 
of 304 engines of this type were built and installed 
in minesweepers, fleet tugs and net tenders. These 
engines were rated 900 bhp. at 720 rpm. and were 
of the four stroke cycle, Buchi turbocharged de- 
sign, having cylinder dimensions of 1214 in. diam- 
eter by 13 in. stroke. Of the total number, 40 
were of the direct drive reversing type and the 
remainder were diesel-electric driving direct cur- 
rent generators. 


In 1943, the War Department purchased 112 type 
6-DFMT-17 engines for Army tugs and a view of 
this engine is shown. The engine was a complete 
new design for rapid production and was rated 
650 bhp. at 380 rpm. It was designed for direct 
propeller drive and was direct reversing. It was 
of the Buchi turbocharged four cycle type. 


Shortly before the close of the War, the company 


Directly reversible, Model DFT, Busch-Sulzer marine diesel. 


began to accept orders for commercial engines, 
continuing to offer the “DF,” “DB,” and “DH” 
lines and adding the Buchi method of turbocharg 
ing to the “DF” and “DB” with the alphabetical 
designations “DFT” and “DBT” respectively. The 
addition of the turbocharger to these engines in- 
creased their ratings 50%. The “DFT” and the 
“DBT” are shown in the pictures. 


Late in 1946, the Busch Sulzer company was pur- 
chased by the Nordberg Manufacturing Co. and 
is now known as the Busch-Sulzer Division o! 
Nordberg. Up to the time the company was sold, 
it had built 1670 diesel engines in sizes ranging 
trom 75 to 3750 brake horsepower. 


CLEVELAND DIESEL 
The Model 278 was introduced in 1940. The first 
installation was a twelve cylinder 814 in. by 1014 
in. rated at 950 bhp. at 750 rpm. and installed in 
the tug Edmond J. Moran in July 1940. 


In 1942 the Model 278A line was introduced with 


the cylinders increased to 934 in. by 101% in. Six, 


eight, twelve and sixteen cylinder units were built 
and the ratings were 600, 800, 1200 and 1600 bhp. 
at 750 rpm. respectively. These engines have 
been widely used in navy and commercial trade 
with special emphasis on electric drive. 


During the war years the company concentrated 
on engines for government use and at maximum 
the production was some fifty times the normal. 
Many installations were made in submarines and 
in large ships such as tenders or mother ships; 
these were al! electric drive jobs. 


Eight-cylinder, Buchi turbocharged Busch-Sulzer stationary 


engine—i94!. 


Comparison of Winton 800 hp. engine of 1926, (background) and 
the G-M Cleveland 2-cycle, 1200 hp. engine of 1945. 


Suggesting the advances which have been effected 
in this type of drive is the power installation ol 
the submarine tender Sperry. This 16,000 
ton submarine tender or “mother ship” is one ol 
a fleet constructed during the war to provide float 
ing bases for submarines. 


Seven ships of this class are powered by General 
Motors diesel-electric drive. The early vessels used 
direct current for driving their motors. ‘The 
Sperry, however, was equipped with an alternating 
current drive and became the first U. S. Navy ship 
to use diesel engines in an alternating current sys 
tem for propulsion. 


The aggregate bhp. of 12,800 for propulsion » 
supplied by eight General Motors Diesel engines 
of 1,600 hp. each, directly connected to 1,150 kw 
generators. The two propellers are driven by 
direct - connected, synchronous-type propulsion 
motors rated at 5,900 hp., 2,400 volts, 3 phase, 62.5 
cycles, 139 rpm. The speed of the propellers can 
be varied from 100% to 25% by the speed o! the 
engines. 


In addition to providing power for ship pr pul 
sion, four of the diesel-driven generators suppl) 
auxiliary power for special operations connected 
with the servicing of submarines at sea. One ul 
usual requirement in this connection is the oper 
tion of two 125 kw. single-phase arc furnaces if 
the ship’s foundry. While the actual performanc 
of a.c. drive vs. the d.c. drive will be known bj 
the records of these closely similar ships, the Navy 
is not ready to give out the actual figures at this 
time. It can be stated, however, that the overall 
results have clearly justified the use of diesel alter 
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Transverse section ope Cleveland 2-cycle V-type 
iesel. 


nating current electric drive in ships of this type, 
size and power requirements. The advantages 


gained include savings in both weight and cost. 


Cleveland Diesel continues to devote its activities 
to the production of two-cycle diesel engines for 
marine and industrial applications. The marine 
engines have a bore of 834 in., stroke 1014 in. and 
range in power from 600 shp. to 1600 shp. The 
industrial engines have a bore of 814 in., stroke 10 
in. and range in power from 540 to 1440 continu- 
ous bhp. These engines all employ unit fuel 
injection, uniflow scavenging and welded-steel-type 
construction. 


COOPER BESSEMER 


for War purposes, the FS design was produced. 
The cylinders were 834 in. by 11 in. and the con- 
‘truction was of all welded steel for all structural 
members of the engine. Many of these engines 
were used by the Navy during the War. 
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Another War engine was the GSB model which 
was really the welded steel structure version of 
the GN model, and supercharged by the Buchi 
system. The sectional view shows many of the 
engine details. This particular engine is a directly 
reversible marine and the reversing cylinder is 
shown at the left; it slides the camshaft. Note the 
wrist pin construction which is typical for this 
company. 


After the War, the first new design produced was 
the GS which has the same cylinder size as the GN 
and the GSB but with the structural parts made 
of Mechanite which is the standard construction 
for this company’s engines. It is made for station- 
ary and marine service and up to eight cylinders 
per unit. The engines are Buchi turbocharged 
when the occasion requires. The details of these 
engines follow the GSB model already shown in 
section. 


After the GS came the JS which is an outgrowth 
of the JT model. The JS has cylinders 13 in. by 
16 in. and the construction follows that of the GS. 
The built-in roller thrust bearing is at the right in 
the section, just aft of the flywheel. ‘These engines 
are fully enclosed, oil and dust tight. Auxiliary 
equipment is added according to the requirements 


Injection side of Cooper-Bessemer, 8-cylinder, Buchi turbocharged marine diesel. 
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Longitudinal section of Cooper-Bessemer Buchi-turbo- 
charged marine engine. 


of the service where the engine is installed. 


The LS is the modernized version of the LT to 
bring it into line with the other engines of smaller 
cylinder sizes. The LS has cylinders 1514 in. by 
22 in. and is built for marine and stationary pur- 
poses; turbocharged as required. 


A development which had its early beginnings 
before the War was the FW. With cylinders 9 in. 
by 101% in., it is rated at 100 hp. per cylinder 
at 1000 rpm., when Buchi turbocharged. It is 
also built unturbocharged. The first full sized 
engines to be used were built during the War and 
many have been sold since in six and eight cylin- 
der units for many sorts of applications, especially 
locomotives. 


This same engine is made in V form and then 
becomes known as the FV. Made in eight, twelve 
and sixteen cylinder units it gives a good range 
of horsepowers. The illustrations show units of 
various numbers of cylinders and as connected to 
generators and marine drives. The cross section 
shows the details of the construction. Cylinders 
and cylinder heads are in one piece castings, and 
they are bolted to the top of the Meehanite cast 
frame. The exhaust pipes are in the V between 
the rows of cylinders. These engines are examples 
of the modern trend to pack a lot of power into 
a small space and weight, and it all helps to reduce 
the overall cost. It makes these diesels suitable 
for applications that otherwise could not be met 


Skid-mounted Cooper-Bessemer rotary drilling power unit. 
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Twelve-cylinder, turbocharged, hte Cooper- 
Bessemer marine diesel with Bowes drive. Insert: 
transverse section of this engine. 


The latest addition to the Cooper Bessemer line 
is the ENB which is the EN simplified and stream- 
lined. It has the same size of cylinder as previously, 
and is built for stationary, marine, locomtive and 
drag line services. The marine engines are not 
made direct reversing; reversing is obtained by 
means of the marine reverse gear. The pictures 
show some typical examples of these engines. 


Several of ‘he illustrations show the heat shield 
around the group of exhaust pipes for the turbo- 
charged engines, which is typical construction for 
this company’s engines. This arrangement avoids 
taking away any heat from the exhaust gases on 
their way to the turbocharger and yet the sur- 
roundings are protected from the hot manifolds. 
This shield picks up only the radiant heat from 
the exhaust pipes and thus the heat dissipation to 
the cooling water is at a minimum. 


FAIRBANKS MORSE 


In 1940 there was begun a new long range de- 
velopment program covering an entire new line 
of engines of enbloc type construction and with 


Cooper-Bessemer ENB marine engine with reverse gear and 


hi 


Right: Top view of F-M Model 31! diesel in engine room 
of trawler. 


other improvements. The first engine was built 
in 1941. It had five cylinders 814 in. by 11% in. 
and when operating at 514 rpm. it was rated at 
300 bhp. It was of the two cycle type with a 
scavenging blower of the oscillating type. The 
cylinder liner had three sets of ports, one for 
exhaust on one side and two sets for the scav- 
enging air on the other side of the liner. The 
upper set of scavenging ports was controlled by 
steel strip valves. This arrangement provides 
for supercharging of the cylinders. The engine 
had full pressure lubrication, cooling water 
pumps, and a distributor type starting arrange- 
ment with pilot valve. Designed for portable and 
marine service, the marine engines were arranged 
for direct reversing. This was the beginning of 
the Model 31 engine. One of the later designs 
with built-in reduction gear and thrust bearing 
at the after end is shown in the picture. 


One of the first Model 31 experimental engines 
was installed in a fishing trawler and subjected to 
actual fishing service prior to the release of this 
design for production. This trawler was called a 
“floating laboratory.” 


engine-mounted compressor and d 


water p 


P 


During the period of 1942 to 1947, the company 
further developed this new model and put new 
sizes into production, the 614 in. by 9 in. and the 
18 in. by 27 in. cylinder sizes. The latter was built 
in 1947, in the six cylinder unit of 2100 bhp. The 
ten cylinder unit would give 3500 bhp. In addi- 
tion to the features already mentioned, this line 
of engines has interchangeable precision type bear- 
ing shells, oil cooled pistons, simple controls and 
easy accessibility of parts. 


The general development of the opposed piston 
engine has already been mentioned. This engine 
design was adopoted to obtain a reduced ratio of 
weight and piston displacement to horsepower 
developed by the engine. It was intended primar- 
ily for use as a mobile power plant for railcars and 
locomotives. The first one was used in a railcar. 


But when World War II approached and the U. 
S. Navy needed diesels for their purposes, they pre- 
empted the entire production of these engines. 
In fact, a new manufacturing plant was built at 
Beloit especially for building these engines. Opera- 
tions were streamlined and machine tools and 


Fairbanks-Morse Model 3! marine diesel with built-in re- 
duction gear and thrust bearing—1941. 
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Transverse section of F-M opposed piston diesel. 


Right: Three-unit, 6000 hp. Fairbanks-Morse road loco- 


motive. 


other equipment were installed to give large pro- 
duction with iiigh quality. By the end of the war, 
four million horsepower of these engines had been 
produced for naval purposes. While most of them 
went into submarines, many of them were used in 
various types of fast surface ships. 


With the end of the war, most of the production 
of these engines was turned into locomotive use 
but some have been installed in marine and sta- 
tionary power plants. 


The sectional views show the details of the engine 
construction and the outside views the general 
appearance of these engines. The opposed pistons 
drive the upper and lower crankshafts. The upper 
pistons control the scavenging air ports and the 
lower pistons the exhaust ports. The two cam- 
shafts in the upper part of the engine operate the 
fuel injection pumps on each side, so that ‘there 
are two opposed fuel sprays into the combustion 
chamber formed between the opposed pistons. 
lhe scavenging air blower is at the power takeoff 
end of the engine and is gear driven from the 
upper crankshaft. The cooling water pumps and 


F.M 1500 hp. general purpose diesel-electric loco- 
motive. 
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the lubricating oil pumps are at the opposite end 
of the engine. The exhaust is taken out from this 
end also from the two ducts along the engine and 
turned into one exhaust pipe. 


After the original railcar installation on the Mil- 
waukee Road, six engines were sold to the South- 
ern Railway in 1939 for installation in the three 
car streamlined trains for use on secondary lines. 
The engines were installed in the forward ends of 
the forward cars. These engines had five cylinders 
and were rated at 800 bhp. 


On August 8th, 1944, the first switcher was un- 
veiled at Beloit before an assemblage. It was a 
120 ton locomotive with a six cylinder 814 in. by 
10 in. engine, and it was delivered to the Mil- 
waukee Road. 


In December 1945, the three unit 6,000 hp. loco- 


The Hamilton 3-cylinder, single-acting, 2- 
cycle 1125 hp. i emaltest tastelled tn 


the Brawley, California plant. 


Ten-cylinder, stationary F-M opposed-piston diesel. 


Left: Longitudinal section of F-M opposed-piston engine 
showing scavenging blower and vertical drive between 
upper and lower crankshafts. 


motive was delivered to the Union Pacific Rail- 
road. This was the first road locomotive built by 
this company. Each unit cab in the locomotive 
had a ten cylinder 2,000 bhp. engine. 


The first 1,500 bhp. multi-purpose locomotive was 
delivered to the Monon Railroad in 1947. The 
eight cylinder engine unit is used in this type of 
locomotive. Complete with steam boiler for sup- 
plying steam for train heating, the locomotive 
weighs about 120 tons. It was designed for use for 
suburban passenger service, for general short run 
passenger service, for switching service, and for 
transfer and freight service. 


In August 1947, the first 2,000 hp. heavy duty 
switching and freight locomotive was delivered to 
the Union Pacific Railroad. Built for heavy duty 
freight transfer service, the locomotive weighs 125 
eer And now please turn to page 236 ..... 
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REMOVES HARD CARBON 


Nature gave Naturalube remarkable carbon-removing ability. This 
oil takes harmful carbon off rings. pistons. valves and plugs while 
the engine runs... cuts power-loss and wear. 


STRONGER PROTECTIVE FILM 


The naturally tougher film of Naturalube stands up under the heat 
and shock of heavy duty operation . . . provides increased protec- 


GUARANTEE tion for motor parts. 


If you don't believe 


papeallanesenbesarens GREATER PENETRATION AND ADHESION 


D.H.D. is the best oil 

you hove ever wod , “a Naturally greater penetrative qualities assure constant lubrication 

denOOCiapay wil of close-fitting parts. Naturalube’s greater clinging power assures 
: os lubrication from the moment the engine starts. 

give you your money 


NON - CORROSIVE — SAFE 


“a Naturalube does not contain nor form substances injurious to bear. 
ings and other metal surfaces. It’s naturally safe! 


Ask your Lion Distributor for 
complete information about 
D.H.D. or write to Lion Oil Com- 
pony, El Dorado, Arkansas. 


*RESISTS FORMATION OF SLUDGE 


Lion especially reinforces Naturalube D.H.D. to make it resistant to 


"Petroleum Promotes Progress”’ 
formation of harmful sludge and lacquer . . , to keep motors cleaner. 


LION OIL COMPANY, EL DORADO, ARKANSAS 
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tons. It has a ten cylinder engine. 


In September that year, a two unit 4,000 hp. loco- 
motive was delivered to the Pittsburgh & West 
Virginia Railroad. Either unit can be operated 
alone, or they can be used together. Both units 
can be operated from either cab. 


Since then, several switching and road locomotives 
have been delivered to various railroads. Their 
construction follows that of the locomotives and 
engines already illustratrated. 


HAMILTON 


The success of the double acting engines in the 
Vernon, California, plant encouraged the company 
to further develop and simplify its single and 
double acting engine designs. In the late 1930s, 
the company made several stationary installations. 


Three Hamilton 2300 hp. diesels in the Brawley, California plant. 


Hamilton 9-cylinder, double-acting engine developed for the Navy— 


late 1930's. 


At the Imperial Irrigation District Plant at Braw- 
ley, California, there were installed three 2114 in. 
by 2714 in. three cylinder, two cycle, single acting 
engines rated at 1125 bhp. at 240 rpm., three en- 
gines of the same cylinder size and type but with 
six cylinders and rated at 2300 bhp. at 240 rpm., 
and two engines again of the same cylinder size 
and type but rated at 4070 bhp. for ten cylinders. 
This made a total for the station installation of 
18,415 bhp. The accompanying illustrations show 
these engine units and a view of the entire station. 


At the plant of the Salt River Valley Water Users 
Association at Tempe, Arizona, there were in- 
stalled two 24 in. by 36 in. two cycle, double acting 
diesels rated at 7000 bhp. each. As can be seen in 
the picture of these engines, the cylinder block is 
supported by the A frames with the cylinder heads 
bolted to the upper and lower sides of the block. 
During this same period, work was started, at the 


request of the Navy, on the development of light 
weight, high speed engines especially suitable for 
naval use. From then until the end of the War iv 
1945, the company’s diesel activities were devote: 
almost entirely to this effort. 


The company developed and built several hundre: 
two cycle, double acting engines with nine cylin- 
ders 9-1/16 in. diameter by 1334 in. stroke ope: 
ating at 700 rpm. Although a far cry in size from 
the large double acting engines the company had 
built previously, these new engines were in accord- 
ance with the demands of the times. They were 
used in submarines and patrol craft. The picture 
of the engine shows the general appearance and 
construction of them. Above and below the cam- 
shaft running along the side of the engine are 
the fuel injection pumps. The lower pumps have 
two discharge lines to the two fuel injection valves 
used in the lower cylinder heads. The rotary type 


The ten-cylinder, 4070 hp. Hamilton diesels at Brawley. 


Marine version of the Hamilton 834” x 12” four-cycle engine. 
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Hamilton 4-cycle diesel-generator unit installed in rai’ zar. 


savenging air blower is seen at the right, at the 
forward end of the engine. The two exhaust head- 
ers are at the back of the engine. 


During this same period, the company developed 
a single acting, four cycle engine with six cylinders 
83, in. by 12 in. for operation between 800 and 
900 rpm. The accompanying figure shows this en- 
gine as rigged for marine use. At the left, at the 
after end is the marine reverse gear with the 
reduction gear and propeller thrust bearing be- 
yond that. These engines were used in tugs, mine- 
sweepers and salvage boats. 


Many skid mounted portable diesel generating 
units were supplied during the latter part of the 
War period. Utilizing the small cylinder, light 
weight double acting engine, these units were oper- 
ated at 600 rpm. and rated at 800 kw., engines 
rated at 1200 bhp. The whole unit was broken 
into three sections for easy transportation and 
bolted and coupled together as one unit for opera- 
tion. The radiators for water cooling are at the 
right, while the generator with starting air tank 
and compressor set are at the left. Above the 
scavenging air blower on the engine are the two 
air intake filter mufflers. 


The War effort also called upon Hamilton to pro- 
duce many engines for the Maritime Commission 
ships. The single acting, two cycle engines with 
2114 in. cylinders already used for the earlier sta- 
tionary installations mentioned here proved to be 
just what was needed after suitable alterations 
were made for marine service application. The six 
cylinder engine units used for the CI-B cargo 
cylinder engine units were used for the C1-B cargo 
ves.els and the AV1 cargo vessels. 


All of this diesel activity was in addition to other 
wa’ products including a very heavy program of 
tri le expansion steam engines for Liberty ships. 


Sine the War, the production of single acting, 
two cycle 2114 in. by 2714 in. stationary engines 
for power plants has continued. The 834 in. by 
12 :n. four cycle engine has been built in consid- 
erable number for auxiliary service aboard ship 
and for railway use in switchers and railcars. The 
engine generator unit mounted on a common sub- 
hase for railway use is shown. 
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On October 1, 1947, the HOR company and its 
affiliate The Niles Tool Works Company, which 
together had formed the General Machinery Cor- 
poration, merged with the Lima 
Works at Lima, Ohio, to form the Lima-Hamilton 


ocomotive 


Corporation. Thus there was combined the long 
experience in locomotive building and diesel en- 
gines. The initial products include switching loco- 
motives in 660 hp. and 1000 hp. capacities. Hamil- 
ton diesels are also being applied for large shovels 
and cranes produced by the Lima Shovel and 
Crane Division. 


NORDBERG 


Although Nordberg had built steam engines and 
medium sized diesels for marine service prior to 
1938, that year marked the entrance of Nordberg 


3. 


ane 


Skid-mounted 800 kw. diesel generator set with Hamilton 
double-acting two-cycle engine. 


into the field of the large marine diesel. An order 
was received from the U. S. Maritime Commission 
for eight propulsion engines for C-2 cargo vessels. 
‘Two engines were installed in each vessel, driving 


Nordberg 9-cylinder, 3200 hp. engine for C-2 cargo 
vessels. 


Looking between two Nordberg 2175 hp. 


diesels in C-! vessel. 


Engine room view on C-2 vessel with two Nordberg 3200 
hp. diesel main engines. 


\ 


ee The Hamilton 4-cycle diesel-electric rail car power unit. ae. 
ogee 
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Nordberg 6-cylinder, 2175 hp. diesel for C-! vessels. 


"Surprise," one of the C-2 cargo vessels with two Nordberg 3200 hp. main engines. 


The dominant position that Nordberg has always 
had in the large marine diesel engine field was 
again evidenced in 1943 with the development ol 
a 6000 hp. two-cycle engine for a Victory type ves- 
sel. This was a nine cylinder direct reversing 


The 3600 hp. entices gas pe sod used in Jones Mills, a single propeller through hydraulic couplings and 
ansas plan 


a reduction gear set. The engines had nine cylin- 
ders of 2114 inch bore, 29 inch stroke and were 
rated at 3200 normal horsepower. The engines 


operated at 225 rpm., the propeiler shaft at 92 


ine re. é i > 
rpm. Later orders were received for fourteen more engine of 29 in. bore, 40 in, stroke and operated 


engines for seven more C-2 vessels, which with the at 164 rpm. It was the most powerful single acting 


engine that had been constructed in America until 


previous orders made a total of eleven vessels. This 


engine is shown here. that time. This was a mechanical injection, cross: 


head type engine. 
In 1939 another order was received from the Mari- 


time Commission for four propelling engines for In 1944 another order was received from the Mati- 

C-1 type vessels. These were six cylinder, two-cycle time Commission for propelling engines for twenty 

engines of the same bore and stroke as the nine TI-M-BT2 tankers. These were direct reversing 

cylinder engines in C-2 type vessels, there being six cylinder two-cycle engines of 18 in. bore, 25 in. 

two engines per ship driving a single propeller stroke, 272 rpm., of 1400 hp., driving the propeller 

through eelctric couplings and a gear reduction through a flexible coupling and a gear reduction 

et. Each engine was rated at 2175 normal hp., the set. The propeller shaft ran at 116 rpm. 

engines operating at 220 rpm. and turned the pro- Eight-cyli 

peller shaft at 93 rpm. Ninety-two of these engines For the Maritime Commission's shipbuilding pro- 

as shown were built by Nordberg for this one type gram, Nordberg buiit 301 engines with a total of Nordbers 

of vessel alone. Orders were also received from 636,400 hp. for 244 vessels. diesels it 

the Maritime Commission for a total of 166 pro- cylinder 

pelling engines for C1-M-AVI vessels. These were Another advancement in the field of gas burning engine w 

also six cylinder engines of the same cylinder size diesels was made by Nordberg in 1945 with the for a m 

as those furnished for C-1 vessels but were arranged development of the FS-166-SC Duafuel engine later, a ¢ 

for direct drive to the propeller shaft. At 180 rpm. shown here. This was a six cylinder, four-cycle, tral stati 

the engines were rated at 1700 hp. supercharged engine of 1200 hp., having a bore has beer 
of 16 in. and a stroke of 22 in. This engine is cylinder, 

Although Nordberg had built a number of con- so arranged that it will operate on gas fuel plus co. “The 

vertible gas and oil burning two-cycle diesel en- pilot oil, on oil fuel or on any proportion of either 

gines prior to 1941, in that year an order was fuel. Changing from one fuel to the other or oper- Superior } 

received for generating units for the world’s largest ating on part oil and part gas fuels is accomplished 

diesel engined power plant. This consisted of by simply setting the control wheel in position for 

eighteen 3600 horsepower gas burning diesels for the proportion of each fuel desired. In case of 

a total of 64,800 hp. The engines had nine cylin- failure of gas supply, the engine governor auto- 

ders of 2114 in. bore, 29 in. stroke were of trunk matically transfers the engine operation to oil 

piston construction and operated at 225 rpm. One burning. 


of these engines is shown here, while nine of the 
eighteen engines are shown in the installation view. 


Left: Ten cylinder, 7100 hp. 
Nordberg diesel of recent de- 
sign. 


Right: Six-cylinder, 450 hp., 
Buchi-turbocharged Nordberg 


marine engine. 


Left: Nordberg Duafuel engine 
in Lehigh Portland Cement 
plant. 
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Superior 8-cylinder turbocharged Model 40 diesel at 
Uevay, Indiana. 


Eight-cylinder turbocharged Superior Model 80 diesel. 


Nordberg again set the pace for building large 
diesels in America when construction of a ten 
by 40 in. 
engine was started in 1946. This engine was built 


cylinder 29 in. 7100 hp. generating 
for 2 mining company in South American and 
later, a duplicate engine was furnished for a cen- 
tral station in this country. Recently an order 
has been placed with Nordberg for six, twelve 
cylinder, 8650 hp. engines for installation in Mexi- 
co. ‘The ten cylinder engine is shown here. 


Superior Model 40 drilling rig engine arranged for dual 
fuel operation. 


Six-cylinder turbocharged Model 80 Superior diesel and 
alternator at Klemme, lowa. 


In addition to having built its largest engine in 
1946, during that year Nordberg also announced 
a new line of four-cycle engines in the medium 
and smaller sizes, in non-supercharged and super- 
charged models for marine and stationary service. 
The smaller engine has a 9 in. bore and 1114 in. 
stroke and is built in sizes from 165 to 600 hp. 
while the larger size has a 13 in. bore and 1614 in. 
stroke with a size range from 310 to 1272 hp. A 
six cylinder supercharged engine of 450 hp. is 
shown here. 


At the same time, announcement was made of a 
line of gasoline marine engines avaliable in three 


six cylinder models in sizes from 52 to 135 hp. 


Late in 1946 Nordberg also announced that the 
Busch-Sulzer Bros.-Diesel Engine Company had 
been acquired and is now operated as the Busch- 


Sulzer Division of Nordberg. 


The Nordberg company has always placed much 
emphasis on cnginecring and engineering develop- 
ments. This was necessary because of the character 
of its business. Customers placed their machinery 
problems in the hands of the company, and the 
company started and grew up in the period when 
the mining industry especially, and the West in 
general, were expanding. The demand for large 
engines led first to large steam engines and later 
to large diesels. This led to obtaining a license 
‘rom Carels to gain the advantages of their experi- 
ence, but in addition to the Carels license, Nord- 
berg has also had license agreements with such well 
known European diesel builders at Fiat, AEG 
(Allgemeine Elektricitats Gesellschaft), and Bur- 
meister and Wain. These connections have en- 
abled the company to incorporate into its diesels, 
the latest advancements adaptable to Nordberg 
engines, in addition to the many advancements in 
the art brought out by the company’s own engi- 
neers. More recently the company has spread its 
diesel activities down into the smaller sizes as well 
as the large ones. 


SUPERIOR 


In 1942, the Philadelphia plant was closed and 
mznufacture of diesel engines was concentrated at 
Springfield. As a further step in keeping with the 
trend of the times, the Buchi turbocharger was 
applied to the Model 40 engine. ‘Two eight cylin- 
der jobs of this sort are shown in the accompanying 


pictures. 


This was followed by the application of the turbo- 
charger to all of the current models, except the 
A and D, by 1945. This increased the scope of 
application of the engines and raised the horse- 
powers available. Several examples of installations 
of these engines are shown here. Although it ap- 
pears from the pictures that there is only one 
exhaust pipe on the engine, this pipe has several 
passages inside of it, three for a six cylinder engine 
and four for an eight cylinder. It is all water 
jacketed, and this design is known as the Helix- 
haust due to the spiral shape of the internal ex- 
haust gas passages. 


In this same year, 1945, it was decided to concen- 
trate on medium size diesel engines. Accordingly, 
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Superior Model 65 turbocharged | 
generator. 


Front view of the engine seen 


above. 


the Model A and D engines were sold to the Sterl- 
ing Engine Company of Buflalo, New York, and 
the gas engines were sold to the Ajax Lron Works 
of Corry, Pennsylvania. And the Model 70 engine 
was discontinued in regular manufacture. This 
left the Models 50, 60 and 80 for the regular 


lines of sales. 


At the same time, the first of these models were 
adapted to dual fuel operation. ‘This was espe 
cially important in oil field work where natural 
gas is frequently available at low cost. The appli- 
cation to the Model 40 engines is shown here. 

And it was in 1945 that the company introduced 
the Model 65-LR, an engine especially designed 
for locomotive work. It had cylinders 1234 in. by 
15 in., operated at 700 rpm. and was Buchi turbo- 
charged. The illustrations show both sides of the 
engine. The generator is mounted on an exten- 
sion of the engine base to make engine and gen- 
erator all one unit for installation on the locomo- 
tive chassis. The turbocharger is above the gen 
erator to conserve space. Although the engine 
followed the general design of the regular models, 
special attention was given to the details to save 
weight. This engine was installed in a locomotive 
built by the Locomotive Division of the Ingalls 
Shipbuilding Corporation. 


By 1947, the Model 40 had been adapted to loco- 
motive work. The speed was raised to 1100 rpm. 
and details changed to suit this service. This 
model then became known as the 40-L. The six 
cylinder Buchi turbocharged model is shown in 
the illustrations here. 


Also by 1947, all of the current commercial models 


ake 
2 


of engines were arranged for dual fuel operation 
when desired. This included most of the turbo- 
charged models as well as those naturally aspirated. 


The Superior story is one of steady improvement 
of product and new designs or changes in the 
older models as the trend of the demands indi- 
cated were desirable. Most of the customers needed 
steady, reliable power, and the company concen- 
trated its efforts in that direction. 


WORTHINGTON 


Worthington’s interest in the four-cycle dual fuel 
engine was aroused early in 1939 by articles and 
advertisements in the British Trade journals of 
an engine developed by The National Gas and 
Oil Engine Company, Ltd. In this engine a mix- 
ture of gas fuel, and air was compressed to high 
pressure as in the diese] engine and ignition con- 
trolled by a small injection of fuel oil at the 
proper time or by an electric spark. 


Late in October 1941 after exhaustive studies of 
various methods used by others for engines of this 
type, Worthington initiated a program for ex- 
periment and research with a view to developing 
a dual fuel engine to meet American requirements. 
Due to the United States entrance into war in 
December 1941, development work was slow and it 
was not until the winter of 1943-44 that an experi- 
mental engine was completed and put into opera- 
tion. This was a modification of a standard Worth- 
ington 1314 x 1714 Type D diesel engine. 


The first four cycle dual fuel engine to be built 
in the United States was completed at the Buffalo 
Works of the Worthington Pump and Machinery 
Corporation and started its shop test in 1944. The 
first public announcement and demonstration of 
the four cycle dual fuel engine was made at the 
Buffalo Works of the Corporation to a group of 
consulting engineers and others on August 17, 
1944. This Worthington development was unique 
in that the engine could be switched from opera- 
tion on gas fuel with pilot oil injection to opera- 
tion on oil fuel only without any interruption. 


The first commercial application of the four-cycle 
dual fuel engine in the U. S. was by converting 
one of the Worthington engines in the Tallman’s 
Island Sewage Works of the City of New York. 


Six - cylinder Buchi - turbocharged 

Superior model 40 diesel-generator 

set developed for locomotive ap- 
plication. 


First 4-cycle dual fuel engine in 
the U.S.—the Worthington experi- 
mental engine built in 1944. 


The actual work of converting this engine was 
started November 1, 1944, and the engine change- 
over completed and the engine started as a dual 
fuel engine on December 20, 1944. It is still in 
operation. The advent of this dual fuel engine 
had materially changed the engine picture in this 
country. 


In laying out the original experimental dual fuel 
engine, Worthington made plans to supercharge it 
and provided gas cutoff valves so that the scav- 
enging process could be carried on without loss of 
fuel. On February 26, 1945, the first dual fuel 
engine equipped with a supercharger was com- 
pleted at the Buffalo Works and thus opened up a 
much broader field of application for this type of 
engine. Today all Worthington four-cycle engines 
of 225 bhp. or over are furnished either as straight 
diesel engines or as dual fuel engines. 


Looking towards the future and following the 
Worthington policy of keeping its products in line 
with the latest developments in the art, Worthing- 
ton engineers are continually engaged in research 
and development work along new lines and prom- 
inent among these is research and development 
work on a higher speed, supercharged two-cycle 
engine using the Kadenacy principle. Results of 
this research are soon to be announced. 


VENN-SEVERIN 


Over the years, this company continued with their 
heavy duty, low speed engines but there were many 
detail improvements added from time to time. 
Always the endeavor was to produce a simple 
reliable engine. This company was one of the 
first to make use of the needle type roller bearing 
for the wrist pin. Another pioneering develop- 
ment was the air inlet valve for port scavenging 


First commercial 4-cycle, dual fuel engine at Talman 
Island, New York. 


An R.E.A. plant at Great Bend, Kansas, showing the 
Worthington 1645 hp. dual fuel engine. 
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generators. 


that was later adopted by others. 


In 1942, when the government agencies began to 
control the letting of so many engine contracts, 
the company developed the HCV series for such 
requirements. This was an engine of the V type 
of higher rotative speed than the earlier engines. 
It was especially suited to generator drive but more 
recently these engines have been used in marine 
work. Built in four, six, eight and ten cylinders 
it provides quite a range of powers. A marine 
reverse and reduction gear takes care of maneuver- 
ing and propeller needs. 


SUN DOXFORD 


Since 1936, there have been built a total of thirty- 
five engines of welded steel construction, totalling 
approximately 220,000 shp. 


Since obtaining the license from William Doxford 
and Son in 1922, until the present date, a total 
of sixty-four engines have been built, totalling 
approximately 300,000 shp. in.3, 4, 5 and 6 cylin- 
ders, of the following sizes: 


Cyl. Bore Lower Stroke Upper Stroke R.P.M S.H.P. 


3 510mm. 1120 nm. 850 m.m. 90 
4 540m.m. 1080 m.m. 1080 m.m. 90 2500 
4 580mm. 1160 m.m. 1160 m.m. 80 2800 
4 600m.m. 1160 m.m. 850 m.m. 100 =2500 
4 600mm. 1160m.m 1160 m.m. 80 3000 
6 640mm. 1160 mm 850 m.m. 100 
4 13” 22” il 200 750 
6 21” 35" 25” 180 4500 
50” 36” 90 4800 
50” 36” 100 
4 32” 55” 40” 92 6000 
55” 40” 94 7500 


The 6 cylinder 21 in. dia. x 60 in. combined 
stroke engines in the above table were installed 
in passenger-cargo vessels, later converted into air- 
plane carriers. Two engines were coupled through 
ele tric couplings and reduction gearing to the 
propeller shaft. 


The opposed piston principle of these engines 
has always been recognized as ideal. Perfect bal- 
anc’ plus a spherical combustion space, full port 
scavenging and exhaust, simplicity of design and 
accessibility for maintenance and repair are some 
of the many features of this type design, Normal 
time for removal of an upper piston for inspection 
of it and the cylinder liner, is about thirty minutes. 
Main bearing wear is negligible, due to the per- 
fect balance between the upper and lower pistons 
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An industrial power plant with three Venn-Severin engines and flywheel-type 


and their reciprocating parts. The lubricating oil 
system is forced feed and the cylinders are lubri- 
cated by small pressure lubricators which are 
driven by the camshaft. 


Fuel oil from Bunker “C” to light furnace oil can 
be burned successfully in these engines. A com- 
mon rail fuel system is used with a crank driven 
plunger type pump and a balanced fuel valve. 
Control of fuel pump effective stroke and fuel 
valve lift can be had with the simple control gear 
fitted to engines. Sun Doxford opposed piston 
engines are built in sizes up to 12,500 shp. with 
attached scavenge air pumps or independent scav- 
enge air blowers. 


The new F-3 Electro-Motive | tive 
1946—same as now haul the “Super Chief." 


Electro-Motive 4300 hp. F-3 locomotive used on the new California 
Zephyrs. 


Venn-Severin engines totalling 1000 hp. in a Kansas City plant. 


ELECTRO-MOTIVE 


The story of this company during World War Il 
was production and still more production. The 
company built the so-called pancake diesel engine 
for the Navy. It had been developed at the Gen- 
eral Motors Research Laboratories for the Navy 
for use in subchasers. 


The model 567 was built in large numbers for 
use in Navy landing ships. Other special equip- 
ment was also built for Navy use. And there was 
successful development work on welding of armor 
plates which was used by others for Army tanks. 
In May 1943, the government ordered the com- 

.... And now please turn to page 252..... 
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AFTER 1,000,000 MILES 
TOCCO*-HARDENED CRANKSHAFT SHOWS ONLY 1/1000-INCH WEAR! 


NLY 1/1000-inch wear on the crankpins after piling up a service 
of 1,000,000 miles . . . a distance equal to 40 times around the THESE ENGINE BUILDERS 
world! That’s the record of one veteran TOCCO-hardened crankshaft USE TOCCO-HARDENED 
on one of the country’s fastest streamliner trains. Hundreds of thou- CRANKSHAFTS 
sands of other TOCCO-hardened crankshafts are giving similar per- Caterpillar Tractor Co. 
formance... giving 5 to 10 times normal life . . . avoiding delays for Chrysler Corporation 
engine overhauls... driving the engines of America on the land, sea Cummins Engine Company 
and in the air. General Motors Corp. 
TOCCO-hardened crankshafts are used by the firms listed. Hercules Motor Corp. 
Investigate TOCCO for improved and faster hardening, anneal- International Harvester Co. 
ing, brazing and heating. International Plainfield 
Motor Company 
White Motor Company 
THE OHIO CRANKSHAFT COMPANY and many others. 


Cleveland, Ohio 


*Trade Mark Reg. U.S. Pat. Off. 


INDUCTION 


HARDENING, BRAZING 
ANNEALING, HEATING 
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on all copper tube or brass pipe runs 


Whenever your plans call for copper tube (iron pipe size) or brass pipe SI BRAZ * 
—especially in public, industrial or commercial buildings — specify 

patented threadless Silbraz joints made with Walseal valves, fittings JQrI NTS 

and flanges. Silbraz joints effectively produce strong, lasting pipe runs. 

These modern joints provide positive protection against leaks by 
actually becoming a part of the pipe itself. They make a “one-piece” pipe 
line that will not creep or pull apart under any pressure, shock or vibra- 
tion that the pipe itself can withstand. 

Easily installed by oxyacetylene torch brazing, Silbraz joints are the 
sure answer to low-cost assemblies that will require neither maintenance 
nor repair in the years to come. Ask your nearest Walworth distributor, 
or write for copy of Circular 84 giving complete data on Walseal, 
Silbraz joints. 

*Paterted — Reg. U.S. Patent Office 


Make it a “one-piece pipe line” with WALSEAL °* 


WALWORTH 


valves and fittings 
60 EAST 42nd STREET, NEW YORK 17, N. Y. 


DISTRIBUTORS IN PRINCIPAL CENTERS THROUGHOUT THE WORLD 
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Buckeye 5-cylinder Model 95 diesel-generator unit. 


pany to confine its locomotive activities to build- 
ing road freight locomotives only in order to help 
relieve the congestion in freight movements. 


As the war work lessened, the swing was back to 

locomotive work with emphasis on increased pro- 

duction, better servicing facilities on the railroads, 
and better education of the men who maintain the 
locomotives and the diesel engines. Improvements 
pe in the diesel engines have permitted a 1500 hp. 
rating for the sixteen cylinder engine. 


THE HALLETT DIESEL ENGINE 


Another diesel engine which was developed during 
the war years was the result of the work of Alfred 
Hallett. Hallett died in 1944 and his new diesei 
was put on the market in 1945 by the Hallett 
Manufacturing Company of Inglewood, California. 
It was a single cylinder, four-cycle engine designed 
for stationary application. It had a 37% in. bore 
and 41{ in. stroke and was rated at 8 hp. at 1500 
rpm. A 2-cylinder model was put into production 
: in 1946. This engine had an 18 hp. rating at 

1500 hp. Both models were subsequently modified 
2 for marine and generator use. 
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Electro-Motive 5400 hp. diesel-electric locomotive hauling heavy freight. 


Bad. 


Hallett 2-cylinder marine diesel with gear. 


BUCKEYE 


The Model 0 and Model 70 engines were dis- 
continued in 1946 and the Model 95 was intro- 
duced. It has 1414 in. by 18 in. cylinders and de- 
velops 112 bhp. per cylinder at 360 rpm. Built 
in from three to eight cylinders it is turbocharged 
when the extra power is needed. This leaves two 
current models of engines, the 80 and the 95. 


Since the company adopted the four cycle engine 
in 1929, the constant endeavor has been to build 


‘a better engine. While the photos show the im- 


provements in streamlining the outside appear- 
ance, many other improvements were introduced. 


Two special safety features have been introduced, 
the Speed Watchman and the Silent Watchman. 
The Speed Watchman is a separate mechanism 
preyenting overspeed, and is built integrally into 
the engine quite apart from the regulating speed 
governor. The Silent Watchman is patented and 
operates in conjunction with the lubricating oil 


Electro-Motive 6000 hp. diesel-electric passenger locomotive. 


This locomotive and others like it haul the "20th 
Century" and other N.Y.C. crack trains. 


Transv 


Cooper-Be 


Hallett single-cylinder industrial engine with pump 
attached. 


and jacket water pressure. When either of these 
pressures drops below a predetermined set value. 
the Watchman acts to stop the engine. 


The positive displacement lubricating oil pump 
for the pressure feed lubricating oil system is made 
by the engine builder. 


The design developments over the years have 
resulted in a reduction of weight per bhp. from 
230 Ibs. to 60 Ibs. for the current model of turbo 
charged engine. 


Many improvements have been made in the manu 
facturing processes such as main and connecting 
rod bearings of silver alloy babbitted navy bronze 
shells, nickel chromium alloy iron cylinder liners 
and pistons, better machine finishes and los 
tolerances to give interchangeability of parts. 


COOPER BESSEMER GAS DIESEL 


his company first considered gas diesel engines 
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Transverse section of Cooper-Bessemer exper- 


Cooper-Bessemer turbocharged diesel for pipe line 
service. 


in 1927 when they designed an experimental en- 
gine. It was operated in 1928 and proved success- 
ful, although it was not followed by commercial 
engines. Of the two cycle type, the gas was com- 
pressed to 1200 Ibs. per sq. in. for injection into 
the cylinder and a fuel oil injection system was 
employed to start combustion of the gas fuel. 


In 1944, the subject was revived following the 
report of some work done in England by the Na- 
tional Gas and Oil Engine Company. Further 
development work done by Cooper Bessemer gave 
the basis of an announcement early in 1945 and 
the building of engines. In these engines, the gas 
fuel is introduced at low pressure into the intake 
air, is compressed with the air during the com- 
pression stroke of the engine, and is ignited by 
the flame of the burning fuel oil injected by the 
fuel injection system at the regular time. Since 
these first engines, the development work has con- 
centrated on reducing the quantity of ignition 
fuel oil required and on improving the overall 
economy of the engine. The system is employed 
on the regular four cycle diesel models used for 
general power purposes and on the two cycle V 
type diesel compressor units used for compressing 
gas in the oil fields. Some of the four cycle gas 
diesels are turbocharged by the Buchi system. 


CONTINENTAL MOTORS 


Since Continental Motors announced its entry 
into the diesel engine industry in 1946-44 years 
after the first Continental gasoline engine was 
placed on the market—this producer has moved 
methodically to carve out a permanent place for 
itself in the diesel engine field. 


Contrary to expectations, steps toward this end 
have been deliberately slow, as was progress in 
experimental and development work on diesels 
during the several years prior to the company’s 
formal announcement of its plans. In part, of 
course, the slowness with which Continental's 
diesel production has risen has reflected the com- 
pany’s inability to get volume diesel production, 
on top of record output of gasoline engines for 
which its old customers have been clamoring since 
V-] Day. Just as important, however, has been the 


Circle: Smallest Continental agricultural diesel—26.4 hp. 


Continental industrial diesel—41.6 hp. at 1800 rpm. 
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fact that Continental has not wanted to move tvo 
rapidly into a new (to it) power field. By moving 
slowly into the new field, the company is assured 
that its diesels will undergo extensive field testing 
at the outset. Meanwhile, further engineering 
work on diesel models not yet in production will 
enable the company to assimilate them into its 
broader line of gasoline engines for automotive, 
agricultural, industrial and marine uses. The high 
degree of parts interchangeability between the 
diesel engines announced in 1946 and certain 
Continental gasoline engines, achieved through 
careful advance engineering, is to be maintained 
in all diesel models introduced in the future. 


When Continental made its diesel announcement 
in 1946, eight engines were listed. Five of these, 
ranging from 15 hp. to 96.5 hp. were in four- and 
six-cylinder models designed for industrial and 
agricultural applications. Three, ranging from 50 
to over 125 net usable hp. were for transportation. 


Actually, only three of the original eight models 
have been made to date on a substantial produc- 
tion basis. One is the six-cylinder Graymarine 
Six-D572, a marine adaptation of the R-572 gaso- 
line engine which Continental produces. The 
Graymarine Six-D572 is rated at 150 hp. and has 
a 572 cubic inch displacement. 


The two other models on which substantial pro- 
duction has been attained are the GD-157 and the 
HD-260. Both are four-cylinder engines with dis- 
placement of 157 and 260 cubic inches respectively. 
They have been popular with producers of agri- 
cultural and industrial equipment. 


The outstanding feature of all Continental diesels 
is their “cushioned power” combustion chamber. 
This chamber consists of two compartments, the 
Turbulence chamber, and the “Dyna-Cell.” The 
“Dyna-Cell” cushions the peak pressures thereby 
reducing the noise and stores the explosion energy 
momentarily. The Turbulence chamber, which 
is the cylindrical portion directly below the ex- 
haust valve, concentrates the charge of air around 
the fuel spray and produces a swirl that creates a 
more homogeneous mixture. The compression 
pressure produces enough heat to self-ignite the 
fuel when it is injected into this hot air just before 
the piston reaches the top of its travel. The design 


Largest Continental industrial diesel—96.5 hp. at 1800 
rpm. 
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Continental's largest Transportation diesel—127 hp. at 2209 


rpm. 


Series 71 G-M diesel-generator unit installed in corner of 
railway car. 
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G-M, Detroit Diesel generating unit which powers individual cars in “Train of Tomorrow.” 


Below: Detroit Diesel hydraulically operated marine reverse 


clutch and reduction gear. 


is such that when the fuel is injected under mod- 
erately high pressure and at a definite rate, a por- 


tion becomes atomized and starts to burn first in 
the Turbulence chamber. Also a definite quan- 
tity is directed into the “Dyna-Cell” where burn- 


Detroit Diesel gear train showing planet gears . nd 
reverse drive. 
I—Plate-reverse clutch; 
2—Ring gear; 


3—Sun gear; 
8—Reverse gear 


4—Planet gear; shaft; 


9—Forward clutch r.- 
action plate 


5—Planet gear; 
7—Carrier-planet gear; 
6—Shaft-planet gear; 


ing follows, the peak pressure develops and con 
siderable energy is momentarily stored. The peak 
pressure is absorbed by the structure of the cell 
rather than being transmitted directly through 
the piston to the bearings when the crank is in an 
unyielding position near top dead center. A" 
instant later, however, this high pressure is 1 
leased on the power stroke at a predetermined 
rate through the metered opening of the “Dyna 
Cell” into the main chamber. It is released in 4 
direction which avoids blasting the nozzle as well 
as torching the top of the piston and in a manner 
which causes great turbulence resulting in more 
complete combustion and a cleaner exhaust. 


DETROIT DIESEL 


Now that the War is over, the twins and quads 
built in such numbers for war uses are bing 
offered for commercial marine use. One of the 
methods of reversing is to use a reversible pro 
peller which was developed and employed w del 


Same as above, showing unit rolled into power compart 
ment. 
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during the War in conjunction with non-reversible 


engii ies. 


The engines themselves have changed little since 
the early models although of course refinements 
have been adopted. Development work of that 
sort never ceases. 


One of the new developments since the War is 
the hydraulically actuated reverse and reduction 
gear for marine work. It is arranged to be added 
to the standard basic engine so that it becomes 
an integral part of the engine assembly. Weight 
and space are saved and the control needs only 
the lightest pressure for operation. Remote con- 
wol is easily arranged. 


{nother development is the application of these 
engines to individual railway cars to carry the load 
of lighting and air-conditioning. These individual 
engine-generator power plants are installed in one 
corner of the car or underneath the floor and sup- 
ply all of the power that car needs for all of its 
requirements. In the case of a dining car where 
the cooking is done by electricity, a generating set 
of 3714 kw. is supplied and then it becomes so 
large that it is necessary to place it at the end of 
the car. ‘There are many advantages to these in- 
dependent power plants. The car is always a com- 
plete independent unit with full power available 
when standing in the yard, in the station or when 
underway on the road. And when underway in a 
train, there is no drag om the locomotive for cai 
services. The locomotive can perform its primary 
function of hauling the train. 


Detroit Diesel has placed much emphasis on serv- 
ice for the customer. During the War there was 
the tremendous job of training men to operate 
and care for the engines in the field. This was 
accomplished by schools and by sending specially 
trained factory representatives out into the field 
to live with the maintenance forces. Since the War, 
the country has been apportioned into districts 
according to industries. This company sells to 
three major industries, marine, industrial and the 
petroleum industry. The distributors report di- 
rectly to the factory, and under the distributors 
are the dealers. In addition there are some repair 
part stores where there are no dealers. Prompt 
service is thus always available nearby regardless 
of the customers location. Finally, the company 
has developed a mobile service unit consisting of 
a truck with a store of repair parts and equip- 
ment for service work on the spot. With it goes 
a treined mechanic. This unit can answer emer- 
gency calls or help the owner by making regular 
servi'€ inspections at periodic intervals. 


In building engines for such a wide variety of 
appl cations, the production of all the different 
kind. of engine assemblies presents many a prob- 
lem. The practice is to build the basic engines 
om te assembly line and add the variations and 
acces-ories for the final assemblies last. 


HERCULES 


Today, after 18 years of intensified diesel engine 
development, Hercules Motors Corporation has an 
€xtensive line of solid injection, compression igni- 
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tion, 4 stroke cycle diesel engines that are not only 
comparable in bmep. with the modern type of 
gasoline engines, but demonstrate conclusively that 
the original Hercules ideas on diesel engines were 
sound. These engines are built in 2, 4, 6 and 8 
cvlinder sizes, in 9 series, and a total of 23 models. 
They have a power range from 12 to 400 hp. 
Cubic inch piston displacement is from 113.1 to 


1468 cubic inches. 


The Hercules Model DIX-6 is a small six cylinder 
diesel with a 354 in. bore and 4 in. stroke. This 
engine is capable of operating at speeds up to 
3000 rpm. The stripped engine develops 93 hp. 
and weighs only approximately 750 Ibs. Because 
of its low weight, plus the fact that its over-all 
dimensions are approximately those of the gasoline 
engines of similar displacement, conversions can 
be readily made without any compromise in per- 


formance. 


‘The Hercules Model DIX-4 is a 4 cylinder diesel 
engine of cylinder sizes, design and performance 
features that parallel the model DIX-6 as described 
above, also in its interchangeability with gasoline 


engine of similar power capacity. 


While Hercules Motors Corporation sensed the 
postwar trend for flat, “pancake” type of engines 
as far back as 1938 for under-floor, “mid-ship” 
installation, and built a number of them since 
that time, it was not until the past year that the 
opportunity presented itself to round out the 
Hercules line. Three models of flat diesel engines 


have now been developed. 


The Hercules Model DJXHF horizontal engine 
develops 99 hp. maximum power at 2600 rpm. 
The stripped engine weighs approximately 900 Ibs. 


The Hercules Model DWXLDF horizontal engine 
with 414 in. bore and 5 in. stroke develops 142 
hp. at 2600 rpm. Piston displacement is 426 inches. 
The stripped engine weighs approximately 1300 
Ibs. 


The Hercules Model DFXHF develops 260 hp. at 
2100 rpm. The stripped engine weighs approxi- 
mately 2600 Ibs. 


These pancake type engines, as designed and built 
by Hercules Motors Corporation, are acclaimed 
to be the lightest and most compact engines of 
this type on the market. 


Hercules Model DFXHF flat 6-cylinder diesel. 


Right: Hercules Model DNX, V-8 diesel engine. 


Hercules Model DIX-6 automotive diesel. 


Detroit Diesel's service truck equipped for field repairs. Bae 

> 
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Hercules flat 6-cylinder diesel, Model DWXLDF. 4 . 


To make it possible for the company to cope with 
the ever increasing demand for diesels for a 
rapidly growing list of diversified applications, 
Hercules Motors Corporation did not feel its job 
was done until, in addition to its two, four and 
six cylinder series, it could provide eight cylinder 
diesels as well. As a result, the Model DNX-V8 
was introduced last year and Hercules is now in 
a position to furnish a range of power in the diesel 
class from 12 to 500 hp. 


The Model DNX-V8 is built in three sizes: 
Bore & 


Stroke Piston Max.Hp. Approx. 

Model Inches Displ @Rpm. Weight 
DNX-V8B 534x6 1247 340@2100 4200 Ibs. 
DNX-V8C 6x6 1348 365 @2100 4200 Ibs. 
DNX-V8D 614x6 1468 400 @2100 4200 Ibs. 


The Hercules DNX-V8 is a 45° Vee engine. It is 
not new to Hercules in the strict sense of the word 
since it is the commercial outgrowth of a Quad- 
ruple-Vee-Eight 32 cylinder engine Hercules 
Motors Corporation built for the United States 
Navy during the war and which, at that time, 
went through exhaustive tests and proved sound 
in design, principal of operation and construction. 


‘The Hercules Model DNX-VS Diesel is so com- 
pactly built that it measures up in every way with 
the increasing demand for more powerful engines 
for automotive applications as well as industrial 
and railroad applications where high speed, light 
weight, and maximum reliability are required. The 
dry engine, stripped of accessories which vary with 
different applications, weighs approximately 4200 
lbs. The over-all length from the front of the 
fan blade to the rear of the bellhousing is only 
561% in. 


For special application where still more power is 
required, Hercules Motors Corporation is super- 
charging the Model DNX-V8. In doing this, the 
company is drawing on its long experience during 
the last war when it built several thousands of 
supercharged engines for the United States Navy. 
The supercharged DNX-V8 develops 500 hp. at 
2100 rpm. The supercharger on this engine is gear 
driven and is an integral part of the engine itself 
to achieve utmost reliability in performance plus 
compactness in design. The stripped engine weighs 
approximately 4600 Ibs. 


Hercules diesel engines are used extensively in the 
automotive, construction, agricultural, railroad, 
marine, and mining industries, the oil field, and 
many other industrial applications. 


For many of the above applications, power units 
are required. Hercules furnishes these complete 
with exhaust mufflers, radiator, fan, starting motor, 
and fuel tank. They are built in open and closed 
types and with “base type” oil pan or foot type 
bellhousing and gear cover for engine support. 


While Hercules Motors Corporation does not 
build marine engines, although several thousand 
of them were used for this purpose by the United 
States Navy during the war, water cooled exhaust 
manifolds are made available for marine installa- 
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Section and identification of parts of Waukesha diesel. 


tion. There are a number of manufacturers of 
marine engines, however, using the basic Hercules 
diesel engine and converting it for marine service. 
This is being done with a full measure of success. 


More than 100,000 Hercules diesel engines have 
been built and are used throughout the world. 


WAUKESHA 


Development work with this company continued 
at an active pace in the 1940s. Several special test- 
ing units were produced, and along with all of its 
other war work there was the special high output 
12 cylinder diesel engine for the Navy in 1943. 


With the increase in electrical energy requirements 
for railway cars the demand came for larger engine 
generator units, so the company introduced in 
1946 diesel or propane engine driven generator 
sets with 25 kw. generators and 60 hp. engines. 


Also there has come in 1946 and 1947 a new line 
of heavy duty diesels. These engines have the 
controlled turbulence combustion chamber and 
are designed especially for use in the regular com- 
pany market outlets, such as heavy timber logging, 
oil well drilling, etc. 


SOME EUROPEAN DEVELOPMENTS 


The development and building of diesel engines 
has been truly world wide and each engine builder 
has developed and produced the types of engines 
that would best satisfy the field of applications 
where he was the most active. In many cases, these 
developments have been quite dis-similar to what 
has taken place in this country due to different 
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Drill rig with two Waukesha diesels. 


industrial and economic conditions, or even ma- 
tional government policies. 


There is space here for only brief mention of a 
few examples but they are interesting none the 
less. These examples here are in addition to the 
engines already discussed which were built under 
foreign license and which in themselves reflect 
the state of foreign development at that time. 


The interest of the Burmeister & Wain comp«ny 
was in shipbuilding long before the diesel eng:ne 
came along. The diesel engine did not chaige 
this trend, in fact it made the company more 
prominent than ever in the marine field, although 
some attention was given to the stationary engine 
business. Burmeister & Wain with their licen:ees 
have built a larger total horsepower of large 
marine diesels than any other company. 


The original Selandia in 1912 had single act ng, 
four cycle engines, of moderate power. B & W 
continued the development of this type of engine 
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cylinder of B & W 22,500 hp. 


Loar 


B & W direct reversible, 7-cylinder, 6000 ihp. marine 
diesel. 


into the larger sizes. But time brought the appli 
cation of diesels to larger ships, and all ships were 
travelling at higher speeds. This meant more 
power was required, so there came the develop 
ment of the double acting four cycle engine. Such 
engines were applied to a number of large passen 
ger liners in the later 1920s. The application of 
the four cycle engine to marine work reached its 
peak in 1930, and has tapered off since. 


In the meantime, B & W = had decided that in 
order to obtain the powers essential for large ships 
it would be necessary to go to two cycle single 
and double acting engines. The first such engines 
were built in 1921. In 1930, there was also a 
temporary peak for the volume of such engines 
built. But the slump was brief, and beginning in 
1932 the curve turned upward again and has 
reached new heights. 


Ihe latest designs of two cycle engines were first 
introduced in 1934, but there have been modifica- 
tions and additions to the line since then. All of 
these engines have been direct connected to the 
propellers. In addition, B & W build single acting 
four cycle engines for stationary service. 


In 1933, the company built the largest individual 
diesel installation ever built. It was an eight cylin- 
der two cycle double acting engine of 22,500 bhp. 
at 115 rpm. and was direct connected to a 15,000 
kw. generator. It was installed at the Oe6crsted 
Central Station in Copenhagen. The cylinders of 
the engine were 840 mm (33 in.) diameter and 
1500 mm (59 in.) stroke. 


In two cycle engines there has always been the 


problem of clearing the cylinder of exhaust gases, 
the scavenging problem. Various methods have 


Left: Diagram of Loop Scavenge diesel. 
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Single acting B & W crosshead type 


marine engine, 


been and are used; much time and money has 
been spent on perfecting the process in individual 
engines because the method used is tied in with 
the general design of engine. But satisfactory re- 
sults have been achieved by several different sys- 
tems. One of the interesting recent developments 
is that employed by Crossley Brothers in England. 
It is known as the “Exhaust Impulse Pressure 
Charging” method. The’ diagram of a section 
through the cylinder shows that the loop scaveng- 
ing method is used in conjunction with the effect 
of exhaust gas pressure impulses. Engines are 
built in from three to eight cylinders per unit. 
The ports and timing are so arranged that a pres- 
sure pulse from another cylinder in the line acts 
to return surplus scavenging air from the exhaust 
branch into the engine cylinder shortly before the 
ports close. This traps an increased weight of air 
charge in the cylinder. The general scavenging 
of the cylinder is efficient, and extra air is charged 
into the cylinder, so high specific power output is 
obtained at high efficiency. 


Another interesting development was “spring in- 
jection” of fuel. The Blackstone company in 
England, now Lister-Blackstone, is an old time 
manufacturer of oil engines. It was in 1896 that 
this firm began to build oil engines. In 1923, the 
hot bulb type which they had been building was 
superseded by the “spring injection” oil engine. 
The camshaft: compressed a spring, and at the 
proper time the spring was released and the energy 
in the compressed spring injected the fuel. This 
made the fuel injection independent of the engine 
speed and constant under all conditions. 


Sulzer Bros., at Winterthur, Switzerland, have 
always been active in the large engine field for 
both marine and stationary work. Their marine 
engines were mostly direct connected to the pro- 
pellers. Many notable installations have been 
made. 
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In 1924 the 23,000 ton motorship Aorangi with 
quadruple screws was equipped with a total of 
13,00 bhp. at 130 rpm. of diesel engines to operate 
across the Pacific to Australia on a tight operating 
schedule requiring the utmost in reliability. A 
few years ago there was the Dutch line Oranje 
with triple screws and a twelve cylinder single 
acting two cycle engine of 12,500 bhp. on each 
shaft. There was the central power station in 
Shanghai, China, with a total of 50,000 hp. of large 
two cycle engines; the largest diesel power station 
in the world at the time it was completed. 


Sulzer has been active in the railway field also. 
In 1924 the first diesel electric railcars were put 
into service in Switzerland. In the 1930s, railcars 
and locomotives were built for South America. In 
1938, a two unit locomotive of 4400 hp. was sup- 
plied to the Rumanian State Railways for service 
in mountainous country. Each diesel engine, of 
2200 hp., was a twin bank engine with two six 
cylinder engines combined into the same unit and 
geared to each other and to the electric generator. 


Some examples of Sulzer engines are illustrated. 


Underground power station with Sulzer 2-cycle, 3,100 hp. 
diesel. 


Sulzer diesel-electric locomotive of 1200 hp. on Swiss 
Federal Railways. 


Fleet of Santa Fe diesel-electrics at the Barstow shops. 


SANTA FE 
This railroad was the first to adopt a diesel loco- 
motive to handle heavy transcontinental trains. 
This first diesel was a 3600 hp. locomotive, built 
for hauling the Super Chief and was received 
on the railroad in September, 1935. 


This operation was so successful that soon ieseli- 
zation proceeded at an active rate. The growth as 
measured by the number of locomotives owned 
is shown in the table. 


ToTraL Diese, Locomotives OWNED 
AS OF LAstT or EACH YEAR 


Year Road Switch Total 
13 40 53 
20 43 63 
31 51 $2 
ee 48 91 139 
. 95 144 239 
103 144 247 


This railroad has many long runs for its trains 
and finds that it is feasible for one locomotive 
to handle a train from terminal to terminal. For 
example on the 2227 mile run from Chicago to 
Los Angeles, the same diesel locomotive makes the 
trip in the case of the fastest trains in 39 hours 
and 45 minutes. For the same trip when steam 
locomotives are used, even with modern engines, 
the time required is about 48 hours and two differ- 
ent steam locomotives are used. On the south- 
western part of the run to Los Angeles there are 
several mountain ranges to get over with their 
heavy grades, and there are the desert regions 
where water must be hauled into that territory 
to supply the needs of the steam locomotives when 
they are used. For operation in such regions and 
under such conditions, the diesel electric locomo- 
tive is a natural. 


But let J. P. Morris, General Mechanical Assistant 
of the Santa Fe tell the story in his own words, as 
of May 1947. 


Left: Sulzer 2-cycle, trunk piston diesel of 3,750 hp.— 
193 


“The Santa Fe has over 700,000 diesel engine 
horsepower now in service and have on order 
78,000 additional horsepower, which is probably 
the greatest diesel engine horsepower of any rail- 
road in the country today. However, other rail- 
roads are making vast investments in the purchase 
of new diesel equipment and will undoubtedly 
increase their diesel service according to their 
requirements. 


“At present we are operating three transcontinen- 
tal trains consisting of 18 sets of equipment which 
are diesel powered. All of the locomotives in this 
assignment are maintained at Barstow, California. 


“When our new passenger car equipment and new 
diesel equipment that is on order is received we 
will have 26 diesel electric locomotives of 6000 hp. 
handling four complete lightweight streamlined 
trains and one heavy-weight mail train in trans- 
continental service. We will also have four new 
4000 hn. diesel electric locomotives handling our 
new Texas Chief between Chicago and Galveston. 
Each of the trains in transcontinental service re- 
quires six sets of equipment, while the train in 
the Texas service will require four sets of equip- 
ment. This will make a total of 30 diesel powered 
trains that will be in movement between Chicago 
and Los Angeles and four diesel powered trains 
will be in movement between Chicago and Galves- 
ton, Texas. 


“All of the locomotives in transcontinental service 
will be maintained at Barstow and those in the 
new Texas service will be maintained at Chicago. 


“We also operate two diesel powered streamlined 
trains between Chicago and Oklahoma City, ‘wo 
between Los Angeles and San Diego, two between 
Bakersfield and Oakland, California, and one be- 
tween Kansas City and Tulsa, Oklahoma. In addi 
tion we have one heavy-weight train that is diesel 
powered now operating between Chicago and 
Galveston, Texas. All of these trains are in daily 
service. We use 15 diesel locomotives of 1500. 
2000 and 3600 hp. on these trains. 
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“We have a fleet of 53 diesel electric 5400 hp. 
locomotives assigned to freight service between 
San Bernardino, Barstow, Bakersfield, California 
ani Belen, New Mexico, a distance of approxi- 
mately 870 miles. These locomotives are also main- 
tained at Barstow with the exception of the wheel 
and truck work, which is performed at Winslow, 
Arizona. 


“Our new diesel shop at Barstow is being extended 
to provide additional! stalls and wheel shop facili- 
ties to take care of the additional diesel power 
that we are to receive, so that all maintenance of 
transcontinental passenger locomotives and freight 
locomotives operating on our coast lines can be 
taken care of at that point. Heavy repairs as 
shown in the picture are taken care of at San 
Bernardino, 


“We are operating thirteen three-unit 4050 hp. 
diesel freight locomotives between Chicago, Kan- 
sas City, Cleburne and Bellville Yard, Texas, a 
distance of approximately 1245 miles. In addition 
we are operating six four-unit 5400 hp. freight 
locomotives between Kansas City and Bellville 
Yard. When the balance of the new equipment is 
received we will have a total of 37 three-unit 4050 
hp. diesel locomotives operating between Chicago, 
Kansas City, Cleburne and Bellville Yard. Those 
locomotives now assigned to those runs and addi- 
tional power received will be maintained at Cle- 
burne.” 


NEW YORK CENTRAL 


This eastern railroad was an early user of diesel 
switchers. The first one was a 60 ton affair with 
a 300 hp. engine. And in 1930, it created a sensa- 
tion by ordering 44 diesel-electric locomotives for 
the operation of all freight movements on the 
west side of New York City. This was in spite of 
trying out a diesel for freight service in 1928 and 
another for passenger service in 1929 on the Put- 
nam Division. Both of these locomotives failed 
to meet the requirements for branch line service; 
they were too far ahead of the times. 


The switchers as of June 1, 1947, totaled 257, of 
which 157 are of 600 bhp. size, 52 of 1000 anc 
48 of 300 bhp. An additional 15 units of 1000 bhp. 
capacity are now under construction, making a 
total of 272 for straight switching service on the 
System. A few of these are operated in hump 
service with motorized power trailers. Further- 
more, there are now under construction 13 of the 
roal switcher type, 9 of 1000 bhp. and 4 of 1500 
bhp., which can be used in passenger or freight 
service on branch lines and for switching. 


As of June 1, 1947, there were a total of 2730 
diesel-electric units in switching work on railroads 
throughout the country, largely of the 600- and 
1000-bhp. sizes. 


Diesel-electrics have firmly established their place 
in switching operations, and have proven econom- 
ically so successful that very few steam switchers 
have been constructed in recent years. 


The first successful diesel-electric for road opera- 
tion was introduced in regular passenger service 
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on the C.B.&Q. Railroad in 1934. Subsequently. 
a large number have been installed on our rail- 
1947, the total had 
reached 2,339 units, forming approximately 1.086 
locomotives having 1000, 1350, 1500, 2000 or 3000 


bhp. per “cab” and operated singly or in combina- 


roads until, as of June I, 


tions of two to four to comprise locomotives of 
capacities from 1000 to 8000 bhp., which provides 
a large degree of flexibility to suit the various 


and changing trafic requirements. 


In 1944, the railroad began to try out diesel loco- 
motives for road service on an extensive scale. As 


of June 1947, it had in service or on order: 


In Under 
Service Construc- 
tion 
No. of Cabs Size Service 7-1-47. _7-1-47 
10 1350 bhp freight 10 i 
73 1500 bhp freight 22 51 
2 2000 bhp freight 2 
12 1500 bhp freight or 
passenger 12 
48 2000 bhp passenger 32 16 
Total 145 64+ 81 


‘To obtain a direct comparison of the performance 
of diesel versus the best available steam power in 
road freight movements, a comprehensive program 
of test operations was prepared which provided for 
typical trains and schedules on various divisions, 
and which included the handling of both tonnage 
and fast freight over some of the heaviest grades 
on the New York Central System. 

The railroad also had built several of the most 
modern type of steam locomotives and in order 
to get a further comparison ran both the steam 
and diesel locomotives in fast passenger service 
between Harmon and Chicago. As a result of 
these tests, the following table was set up to show 


the comparison of service performance. 


ANNUAL PoTENTIAL PeRFoRMANCE Per LocoMoTIVE 


Line 
No. Diesel Steam 
(1) Total Hours (365 X 24) 8760 8760 
(2) Hours for Shopping & 

Periodic Inspections 288 672 
(3) Assigned Hours (1) — (2) $472 S088 
(+) Hours Used ° 6292 6080 
(5) Hours Available—Not Used 388 573 
(6) Hours Unavailable 1842 1435 
(7) Per Cent Utilization 

(4+) = (1) 71.8 69.4 
(8) Per Cent Availability 

(4) + (5) = (1) 75.7 75.9 
(9) Mileage Operated 329934 314694 
(10) Average Miles Per Month 

(9) +12 27496 26226 
(11) Average Miles Per Day 

(9) = 365 904 862 


An an annual basis, it appeared that the com- 
parative performance would be as in this second 


table. 

Line 

No. Diesel Steam 
(1) Annual Mileage 324,000 288,000 
(2) Average Miles Per Month 27,000 24,000 


(3) Utilization, Per Cent of 
Total Annual Hours 70.4 63.0 
Availability, Per Cent 
of Total Annual Hours 


(+ 
74.2 69.0 


Similar comparisons were made for the locomotives 
in freight service and the following tabulation 
resulted. 


ANNUAL PoTeNTIAL PerForMANCE Per Locomorive 


Line 
No. Diesel Steam 
(1) Total Hours (365 X 24) 8760 $760 
(2) Hours for Shopping and 

Periodic Inspections 216 696 
(3) Assigned Hours (1) —(2) $544 8064 
(4+) Hours Used 7219 7023 
(5) Hours Available—Not Used 349 252 
(6) Hours Available 976 789 
(7) Per Cent Utilization 

(4) + (1) $2.4 $0.2 
(8) Per Cent Availabilits 

(4) + (5) = (1) 86.4 $3.0 
(9) Mileage Operated 137450 118237 
(10) Average Miles Per Month 

(9) +12 11454 9853 
(11) Average Miles Per Day 

(9) + 365 377 324 


To express the comparison on an annual basis, 


the following table was prepared. 


Line 

No. Diesel Steam 
(1) Annual Mileage 120,000 102,000 
(2) Average Miles Per Month 10,000 $8,500 


(3) Utilization—Per Cent of 
Total Hours 70.1 63.5 
Availability—Per Cent of 
Total Hours 


(+ 
73.5 65.7 
P. W. Kiefer, the New York Central Chief Engi- 
neer of Motive power and Rolling Stock gives an 
interesting comparison of diesel and steam loco- 
motive operation as the result of the experience 


that railroad has had. He states that: 


The advantages of diesel-electrics over reciprocat- 

ing steam may be summed up as follows: 

(1) Little affected by cold weather. 

(2) Lower center of gravity. 

(3) Reduction in track stresses because of lighter 
wheel loading and absence of dynamic aug- 
ment, but with this advantage partially offset 
because of the small-diameter wheels used 
throughout and the effects of lowered center 
of gravity. 

(4) Somewhat better riding qualities. 

(5) Less time required for servicing en route, 

(6) Faster acceleration at lower speeds. 

(7) Cleaner operation. 

(8) Higher availability and utilization. 


DIESEL ENGINES AND THE 
PETROLEUM INDUSTRY 


At the time of its introduction the diesel engine 
was of little interest to the petroleum industry, but 
when it began to assume practical proportions the 
petroleum industry did become concerned about it. 


Thereafter, throughout the 50 years of develop- 
ment of the diesel engine as a source of power, 
the petroleum industry has played a vital part in 
the engine's development. Engine builders unani- 
mously agree that, without today’s fuels and lubri- 
cants, the modern diesel engine could not have 
achieved its position in our economy and its repu- 
tation for efficiency and long life. The petroleum 
industry was among the first to recognize the value 
of the diesel engine as a power source and as early 
as 1903 the Standard Oil Company of New Jersey 
built a diesel-powered pipeline pumping station 
at Fawn Grove, Pennsylvania. At present, the 
petroleum industry is one of the largest users of 
diesel engines, one pipeline company alone oper- 


ating nearly 100 large stationary engines. 
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Fuels 


During the early part of the century fuels used 
in the relatively few diesel engines then in opera- 
tion were either distillates of the gas oil type or 
light crude oils. These fuels had become available 
with the growth of the petroleum industry, and 
the heavy distillates particularly, were low in cost 
because of their limited use for other purposes. 
Fuel specifications hardly existed and engine build- 
ers of this period extolled the ability of the diesel 
engine to “burn anything.” One builder actually 
published the following fuel “specification.” “This 
engine will burn any liquid fuel that will flow 
freely by gravity through a 14 in. pipe 10 feet 
long.” Little attention was paid to diesel fuels 
as such until the petroleum industry began to use 
the cracking process extensively after 1913. 


In 1928 the Pennsylvania State College initiated 
the first diesel fuel standardization committee in 
connection with the Oil and Gas Power Division 
of the American Society of Mechanical Engineers. 
The standard so derived has, of course, since been 
revised and now serves as a general guide for fuel 
utilization. Further fuel standardization work is 
being conducted by the Diesel Engine Manufac- 
turers Association but undoubtedly the most effec. 
tive standardization to date has been accomplished 
by the oil industry, for the distribution of the few- 
est number of suitable fuels is an important eco- 
nomic problem. Standardization of this kind has 
further served to maintain the lowest possible price 
on diesel fuels. 


By 1930 a new phase of diesel engine development 
appeared on the horizon. The Cummins Engine 
Company had attained sizable production on a 
high speed engine and soon afterward the Cater- 
pillar Tractor Company added diesel-powered trac- 
tors to the now rapidly growing high speed diesel 
field. To provide a fuel for these newcomers, oil 
companies in 1935 announced the availability of 
selected narrow-cut distillates of suitable ignition 
quality generally identified as “high-speed” diesel 
fuel. These fuels were made to exacting specifica- 
tions and provided operation superior to the com- 
monly used gas-oil type products. Distribution was 
limited but today this is the tyne of fuel which is 
widely used in railroad diesel locomotives. At this 
time the need for wider distribution of fuel suit- 
able for high speed diesel engines became a 
problem. 


Then, in 1936 one major oil company, later fol- 
lowed by several others, announced wide distribu- 
tion of a domestic burner oil of sufficient ignition 
quality and held to such close refinery limits that 
the Caterpillar Tractor Company and other diesel 
engine builders were able to approve the product 
as diesel fuel. This development aceclerated great- 
ly the acceptance and utilization of diesel engines. 
Although this dual-purpose fuel had lower ignition 
quality (about 45 cetane) compared to the 55 
cetane “high-speed” fuels that preceded it, its 
somewhat lower boiling range, and thus higher 
volatility, provided a very satisfactory diesel fuel. 
Today this dual-purpose fuel is the accepted “regu- 
lar grade” high speed diesel fuel and “gun type” 
burner fuel. 


Diesel engine test set-up used extensively in petroleum research. 


When the General Motors Corporation high speed 
two-cycle engines appeared in 1939 the fuel picture 
changed again. These units, for optimum oper- 
ating life, needed still lighter, more highly refined 
fuels, and the petroleum industry responded with 
the now well known “light diesel fuels.” These 
products were primarily straight run distillates of 
38-42 A.P.I. gravity resembling kerosene, a type 
of fuel that is in considerable demand for certain 


types of domestic burners and is widely available. 


With the boost that World War IL gave to diesel 
power, industrial installations grew like mush- 
rooms. Even in this field engine builders soon 
gave recognition to the desirability of well refined 
fuel and one specially selected for use in these 
engines. About this time, to augment the supply 
and to improve the operation obtained on crude 
oil and residual fuels, another type of diesel fuel 
was made available. These fuels consisted of blends 
of cracked and straight run constituents. Today 
these are generally known as “Industrial Diesel 
Fuels” and provide a uniform product of about 
38-42 cetane number value. Such fuels will con- 
tinue to be in greater supply due to the fact that 
many of them employ cracked hydrocarbons, in 
cluding those obtained from the high yield catalytic 
cracking processes which are currently being in- 
stalled by many petroleum refineries. 


The entire fuel trend throughout the 50 year 
history of the diesel engine has been one of change 
~a change from the utilization of low cost waste 
oils to the more highly refined specialized products. 
Naturally, this had to be accompanied by an 
increase in price, and today the premium «quality 
diesel fuels approach the price of gasoline at the 
refinery. In the future, therefore, the diesel engine 
must excel the Otto cycle engine almost solely 
by its appreciably better fuel economy and better 
suitability for power generation. 


In the last few years much improvement has been 


made in the diesel engine’s ability to utilize gas tm 
fuel. Diesel engines are now available that can 
be changed from oil to gas operation, or vice versa, 
without affecting the load carried. Such engines 
are proving very economical in areas where low 
cost gas is available. With the increase in gas pipe 
line mileage a large percentage of the installed 
diesel horsepower is bound to be of this type be 
cause gas can be utilized when available and fuel 
oil used at other times. 


Supercharging, too, has become a widely accepted 
practice. In this field one of the larger petroleum 
pipeline companies played a major pioneering 
role. ‘To meet the unprecedented need for addi 
tional crude supplies brought about by World 
War II, this company was able to increase by near 
ly 50% its crude handling capacity by supercharg 
ing existing engines. Because of early work done 
on this project in 1936, the pipeline company was 
able to proceed rapidly with conversions when the 
need arose and superchargers could be made avail 
able at a time when engines and additoinal pumps 


could not. 


The growth of the diesel engine and suitable fuels 
for it have gone hand in hand. Each has needed, 
and has been benefited by, the other. 


Lubricating Oils 
In the early stages of the diesel engine’s develop 
ment, lubrication posed no specialized problems 
Because engines were comparable in design to the 
then well known steam engine, similar lubrication 
systems were employed. Bearings were splash o:led. 
In some early engines this was accomplished by 
floating an oil layer on a water filled sump to re 
duce the volume of oil needed. Naturally, some 
emulsion was formed due to the agitation and this 
was discarded, or in some cases used elsewhere 4 
a grease where such a lubricant would su‘iice. 
such as on wagon hubs. Sight feed cups supplied 
the cylinder lubrication and also the main bearing 
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lubrication on these early engines. Later these 
appliances were adapted to fit the crankpins 
through a banjo device which, incidentally is still 
used in a revised form on some crankcase scav- 
enged two-cycle engines. Subsequently main bear- 
ing lubrication was converted to the well-known 
ring-oiled method and this, too, has survived the 
half century period with slight modification. 


As rotative speeds increased and vertical engines 
supplanted horizontal engines, cylinder lubrication 
became more of a problem and the mechanical 
force feed lubricator was adopted. About 1915 
these lubricators were first used for cylinder lubri- 
cation and their application is still common prac- 
tice in some of the large engines. 


Little attention was paid to the lubricating oil 
quality in these early days, and most any engine 
oil of suitable viscosity provided adequate service. 
The oil was commonly used once and then dis- 
carded, which helped make it possible for rela- 
tively mediocre oils to provide satisfactory service. 


As engine speeds continued to increase some en- 
gine builders adopted a system of engine lubrica- 
tion wherein oil, under pressure, was pumped 
through passages in the block, crankshaft and con- 
necting rods. This method is referred to as “full 
pressure lubrication,” and cylinder wall lubrication 
is accomplished by the normal oil throw-off of the 
crankpin. To prevent excessive cylinder oiling, 
baffles were fitted in the upper crankcase and the 
surplus oil retrieved through scraper rings at the 
lower end of the cylinder bores. 


Attention has always been given to reuse of the 
lubricating oil, and several methods were adopted 
to filter and clean the used oil so that it could be 
used over and over again. About 1920, centrifugal 
separators were first used for reclamation of diesel 
lubricating oil. They are still widely used and 
most recently are being offered in conjunction 
with an absorbent type of filter to provide a com- 
plete oil reclamation unit. 


Today, diesel oils are reused many times, and in 
large industrial engines crankcase oil is frequently 
run for many years only adding make-up oil. 


Increases in bore size, speed and output brought 
on the necessity of piston cooling and today most 
engines, large or small, utilize oil for this purpose. 
Oil for the purpose of piston cooling necessitated 
oi! coolers as a considerable portion of the total 
engine cooling is accomplished through the lubri- 
cating oil. Some engines built around 1920-1925 
had water-cooled pistons, and while the system 
in principle was satisfactory, the problem of main- 
taining tight connections on the cooling water 
piping and thus keeping the water out of the 
lubricating oil proved impractical and the system 
was discontinued. 


As engines became more reliable and more widely 
used, operators became more zealous in their effort 
to maintain better maintenance records. About 
1926 the petroleum industry determined that oils 
could be provided that would enable better oper- 
ating records to be achieved than the oils available 
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theretofore. Naphthenic oils were found to be 
superior for this purpose due to the minimum 
deposits that remained when they were destruc- 
tively distilled by the heat of combustion. Con- 
sequently, this type of oil soon became generally 
recommended for diesel engines until the high 
speed engine came into the picture in 1932-1934. 


Operators of these new, high speed type diesel 
engines found that the useful life between over- 
hauls was extremely short compared to the large 
low speed units. The petroleum industry in con- 
junction with the high speed diesel engine builders 
therefore conducted extensive work to determine 
how oils might aid in extending the useful life 
of the high speed diesel engine. The result of this 
work was the development of the now well known 
heavy duty type oils. 


These oils, because of improved stability and in- 
creased detergency imparted by chemical additives, 
soon proved their value to engine builders and 
today practically all high speed engines and many 
low speed engines are being lubricated with such 
oils. Whereas early high speed engines frequently 
had to be overhauled at 500-hour intervals due 
principally to stuck rings, they are today being 
operated 10,000 hours between overhauls even 
under extreme service conditions and without any 
stuck rings. The trend to heavy duty oils for large 
low speed engines began in 1942 when some build- 
ers of large high output engines were experiencing 
excessive ring and cylinder liner wear. By adopting 
these oils which could be made from high viscosity 
index base stocks of paraffinic rather than naph- 
thenic type, better ring lubrication and ring life 
was secured and these engines could be operated 
economically even at protracted full load condi- 
tions. 


The final result was that this type of oil began 
to receive considerable usage in these large indus- 
trial type engines also. Concurrently, the diesel 
engine was being rapidly accepted for railway loco- 
motives. New engines were designed with maxi- 
mum power output per unit of size and as a result, 
good lubrication became difficult. In this field, too, 
heavy duty oils proved their value and practically 
all diesel locomotives are now lubricated with 
them. Engines in this service have been known 
to run in excess of 500,000 miles without piston 
ring replacement where heavy duty oils are used. 


Heavy duty type oils, too, are helpful in over- 
coming the disabilities where high sulfur fuels 
must be used. Accelerated ring wear and increased 
engine deposits result from the use of such fuels 
but are minimized by the use of these additive 
improved oils. Some large engines lubricated with 
these oils are now running 12,000-hour periods 
between piston inspections and where these oils 
are used ring sticking, once a constant source of 
trouble, is practically eliminated. Undoubtedly, 
heavy duty type oils have been the petroleum 
industry's greatest contribution to the diesel 
industry. 


With supercharged engines becoming more com- 
mon, and with the desirability of being able to 
operate engines on a wider range of fuels, con- 


siderable research is being conducted on special 
heavy duty type oils for these conditions. The 
petroleum industry will continue to provide im- 
proved oils for these new engines and as brake 
mean effective pressures attain and perhaps exceed 
150 psi, improved lubricants will surely become 


available. 


The story of the diesel engine has been closely 
allied with the petroleum industry, This group, 
through its well organized force of lubrication 
engineers, provides a valuable liaison between the 
engine builder and a mutual customer, the diesel 
engine user. These engineers, often trained at 
schools conducted in cooperation with diesel engine 
builders, are in frequent contact with the engine 
user and are able to render valuable assistance on 
fuel and lubricant recommendations and _ service 
suggestions to both the engine builder and the 
engine user. Problems of a recurring nature are 
called to the attention of the engine builder, ‘This 
sort of liaison has occasionally resulted in design 
changes that further improved the operation of 
the engine. 


Continued research on the part of both the engine 
builders and the petroleum industry undoubtedly 
will result in more efficient engines for converting 
our petroleum fuels into usable power. Should 
crude oil reserves dwindle in years to come, it 
seems certain that petroleum research in the mean- 
time will have developed practical methods of 
producing liquid fuels from both natural gas, coal 
and oil shale. A continued adequate supply of 
diesel fuel appears to be assured. Development of 
further improved lubricating oils, too, is resulting 
from current work involving improved refining 
methods, oil additives, and oils synthesized from 
various constituents. These promise further exten- 
sion of operating period and the reduction in 
lubricating oil costs for diesel engines. 


All in all, better engines, better fuels and better 
lubricants have appeared and shall continue to 
appear through the cooperative efforts of the 
diesel engine builders and the petroleum industry. 


Editor's Note: At the risk of seeming to repeat 
what you have just finished reading we present the 
following article as complementary to the fore- 
going, albeit an independent and authoritative 
work on this vitally important phase of dieset 


development. 


DEVELOPMENT OF DIESEL FUELS 
AND LUBES IN THE UNITED STATES 


The original diesel engine was designed as a sta- 
tionary, slow-speed, heavy-duty prime mover that 
would extract more power from cheap oil products 
than could be obtained by burning these same 
products under steam boilers. 


Insofar as the matter of a choice of liquid fuels 
came into consideration, Rudolf Diesel leaned to- 
ward those which were the cheapest, such as heavy 
petroleum residues and tar oils that could be had 
at nominal prices. When Diesel succeeded in 
adapting the mechanism of his engine to these 
..... And now please turn to page 268 ..... 
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HAT’S WHY. be sure that 

the steel 7s right- -you find the 
steel for each forging at National 
Forge individually melted in basic 
electric furnaces . . . for basic electric 
steel is the first “must” in making 
forgings of optimum quality. 


From thirty-five years of steel forg- 
ing experience, we at National Forge 
know there is no steel like basic elec- 
tric for forging purposes. Made from 
the best raw materials, melted and 
refined by skilled men, controlled 
metallurgically from start to 
finish, all the art and science of 
modern steel making contribute 


AND ORDNANCE COMPANY 


Irvine, Warren County, Pennsylvania 


STEEL MAKERS FORGESMITHS 
HEAT TREATERS * MACHINISTS 


the worth of your Las 


to the high quality of National Forge 
basic electric forging steel. 


So be steel minded when you order 
your forgings--and also remember 
that the forgesmithing, heat-treat- 
ing and finish machining will be in 
exceedingly competent, well equipped 
hands when your steel torgings are 
National Forged. 


Let us tell you the many critical rea- 
sons for insisting on basic electric 
steel, for it will pay you to know 
these facts as National Forge 
can give them to you from long- 
time steel forging experience. 
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FIRST 
IMPROVEMENTS Features Found Only In DEMCO 


© Pre-calibrated plunger and barrel assemblies are 
conveniently removable upward . . . No disassembly of 


F | pump. 
ue Injection P Umps e - re-calibration necessary — Unit factory adjusted 
4 and sealed. 


®@ No special tools needed — Parts standardized. 
© Tappet followers equipped with needle bearings. 


@ Rugged construction, extra heavy barrels assure 
longer service life. 


@ Large capacities — Maximum plunger diameter is 
13 mm. 


DEMCO 


STYLE 2PB 
FUEL INJECTION 


PUMP 


= 


Write TODAY 


for DEMCO literature Only DEMCO's Style 2PB Multiple-Unit In-Line Fuel Injection 


Pumps have all these features. Pumps are constant stroke, cam 
operated, with self-contained drive, and built in sizes from 2 to 8 
pump units. DEMCO-designed variable speed governors, with or 
without torque control, are furnished as independent unit assem- 


blies. 
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Development of fuels and lubes, continued 
fuels, he presented the world with a source of 
energy that was thermodynamically more efficient 
than any previous system. The soundness of the 
Diesel idea has now been thoroughly attested by 
the conspicuous success of the dieeel engine in 
stationary power plants and in marine transport. 


While the diesel engine was going through its 
primary development, the gasoline engine was also 
being developed and was finding numerous appli- 
cations as a prime mover where high speed and 
mobility were required. The success of the gaso- 
line engine in automotive transport as exemplified 
by the automobile and the airplane is familiar to 
all. But the gasoline engine is thermodynamically 
less efficient and, therefore, more costly to operate 
than the diesel engine; and since the world likes 
to have its wants filled as cheaply as possible, it 
was inevitable that an atempt would be made to 
introduce the diesel engine into fields dominated 
by the gasoline engine. The problem of the diesel 
engine builders then was to redesign this engine 
as a light, high-speed unit that would function 
in situations calling for flexibility in operation, 
such as are encountered in automotive transport. 


The movement of the diesel engine into the field 
of high-speed units assumed large proportions in 
the late 1920’s and early 1930's. Inventors took 
out patents on numerous variations of design, and 
a considerable number of companies were founded 
to build and market them. In general many of 
these new units in the diesel power field achieved 
a success that on the whole was satisfactory to 
their builders and users. 


However, in this development stage the high- 
speed diesel engine builders were beset with a 
problem that did not worry the builders and users 
of the slow-speed, heavy-duty fixed units which 
were designed to “digest” any kind of carbonaceous 
material that would flow. The high-speed diesel 
engine requires a distillate fuel and cannot oper- 
ate satisfactorily on Bunker C oil or the like. It 
requires, at least, a refined petroleum product of 
the general character of a naphtha or a gas oil 
that flows readily and is easily fired in the com- 
bustion chamber of the engine. Now, refined 
petroleum products cost more than crude oil or 
the residues of petroleum refining, and this in- 
creased cost threatened to impair one of the main 
advantages of the diesel engine—its ability to use 
low-grade, cheap oil fuels. 


This situation confronted both the diesel engine 
builders and the petroleum refiners with a prob- 
lem that was vital to the success of the high-speed 
diesel, and earnest attempts were soon begun by 
both refiners and engine builders to solve it. It 
was not long before both parties perceived that 
the problem was complex. On the mechanical side 
there was a large variety of constructional designs 
—hot-bulb engines, spark-ignition engines, air in- 
jection engines, engines with pre-combustion cham- 
bers, engines with turbulence chambers, two-cycle 
engines, four-cycle engines, etc. All these variants 
necessarily differed in combustion characteristics, 
and all of them were expected to operate on fuels 
of equal low cost and availability. 


On the oil refiner’s side there was the difficulty of 
providing different fuels that would suit the differ- 
ent combustion characteristics of all the models 
the builders were putting out, and each builder 
was prescribing the kind of fuel that should be 
used with his model. Usually these builders’ speci- 
fications called for a fuel with a certain viscosity, 
a certain gravity, a certain boiling range, sulfur 
and ash content. The oil refiners could meet, as 
a matter of oil technology, any and all such speci- 
fications, but they and the users of diesel engines 
would be confronted by difficult distribution and 
marketing problems. In the first place, the refinery 
cost of producing a large number of grades would 
mean higher selling prices, and in addition there 
would be burdensome marketing costs in making 
these numerous grades available in_ territories 
where diesel users with differing wants had to be 


satisfied. 


In view of this situation more than one spokesman 
for the oil refiners reminded the engine builders 
that the question which both industries were 
facing was, “Fuels for engines or engines for fuel?” 
To the refiners it appeared that the engine build- 
ers were forsaking the original ideal of Dr. Diesel, 
who designed the first diesel engine especially for 
the cheapest fuel available; that is, he built his 
engine to fit a specific kind of fuel which could 
easily be obtained. His successors in the high- 
speed field appeared to be reversing this idea; they 
were building the engines first and were requiring 
the users to look around for specific kinds of fuels 
that would fit them. By this procedure they were 
doing their indust-y an injury. The users of dif- 
ferent engine designs were having difficulty in ob- 
taining the right fuel, and this difficulty was bound 
to react on the popularity of the high-speed diesel. 
Spokesmen for the oil refining industry epitomized 
the matter thus: Their industry is a mass-produc- 
tion industry based on mass distribution; its main 
business is the manufacture of gasoline, which is 
sold at a price that diesel engine users would not 
pay. After gasoline, in order of importance, came 
kerosene, and after kerosene came the naphthas 
and gas oils which were finding a mass market as 
fuel oils for domestic heating. For the marketing 
of fuel oils a nation-wide system of distribution 
was in existence and was working well. From the 
three main grades of fuel oils on the market, it 
should be possible to select a type to which the 
designs of all high-speed diesels should conform; 
or, to-.avoid extensive redesigning, the engine 
builders should at least make an effort to agree 
on specifications for a diesel fuel that would fit as 
many of the existing designs as possible. The re- 
finers could then arrange for cheap production 
and mass distribution of the selected type. 


Consultations between engine builders, oil refiners 
and high-speed diesel engine users began in 1928. 
The first “official” specifications were prepared by 
a special research committee of the American So- 
ciety of Mechanical Engineers in 1929. These 
specifications were based on the results of a world- 
wide questionnaire that was sent to oil producers, 
engine builders and users of high-speed diesels. 
Out of the replies received the committee selected 
the standards shown in th accompanying table: 


High-S) ced 
es 
Viscosity at 100°F.S.U. Max. 200 sec. Min. 45, m.x, 1) 


Heavy-Duty 
Engines 


Sulfur Max. 3% Maximum 2% 
Conradson Carbon Max. 5% Maximum % 
Ash Max. 0.08% Maximum ‘02% 
Flash Point Min. 150°F. Min. 150°F. 
Water and Sediment Max. 1% Max. 0.5% 


From answers relating to the importance of the 
specific gravity of diesel fuel, the committee con- 
cluded that this was of no importance except for 
calculating weight per gallon. The calorific value 
(Btu.) should at least be stated by the oil refine:. 
The pour test was of importance only in cold 
regions. Most replies attached much importance 
to viscosity. A number of builders did not under- 
stand what was meant by Conradson carbon; others 
considered it very important, and some recognized 
that distillation tests could be misleading. 


The committee observed that there were marked 
variations in the specifications submitted by vari- 
ous builders, so that the standards given in the 
table were arbitrary and very tentative. There 
was, therefore, urgent need for more research. 


‘The need for more research was underlined by 
the obvious fact that diesel fuels of the same vis- 
cosity, Conradson carbon, sulfur content, pour 
point, etc., gave markedly different results when 
used in the same engine. Evidently there was 
something other than the ordinary physical prop- 
erties that determined the quality of a diesel fuel. 
The main difference among these fuels was in the 
ease with which the oil would ignite in the engine 
and in the smoothness of operation after com- 
bustion began. Difficult ignition made the engine 
hard to start, and abnormal combustion phenom- 
ena gave rise to rough performance, “knocking,” 
and reduced power output. It was apparent that 
some means must be found for rating the ignition 
quality of diesel fuels. 


The search for a measure of ignition quality was 
largely taken over by physicists of the petroleum 
industry. All the major oil companies already had 
well-organized research departments equipped for 
investigating such problems and had already made 
much progress in solving the knock problem in 
connection with gasoline and, in collaboration 
with researchers of the automotive industry, had 
developed an apparatus known as the “Committee 
on Fuel Research (CFR) engine” for measuring 
gasoline knock. Work was now begun to adapt 
this engine to testing the ignition quality of oil. 


The first attempt to link the ignition quality of 
an oil with the temperature at which it would 
spontaneously ignite was made in a bomb by 
English scientists back in 1919. Nothing much 
came of this idea until 1931 when the modern 
method of testing diesel fuels in a laboratory «n- 
gine was reduced to practice by LeMesurier and 
Stansfield, Boerlage and Broeze, and Pope and 
Murdock. These investigators found that ignit:on 
quality was directly connected with the period of 
delay between the time of beginning the inject:on 
of the fuel into the combustion chamber and he 
time when the pressure begins to rise rapidly as 
the rate of combustion accelerates. A_pract.cal 
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measure of this delay was tound by comparing the 
ease Of ignition of an unknown fuel with a stand- 
ard fuel. As a standard fuel Boerlage and Broeze 
used the hydrocarbon cetene which has excellent 
ignition quality. By matching the delay period of 
a fuel with that of a blend of cetane and mesity- 
lene (another hydrocarbon with poor ignition 
quality,) the said fuel could be assigned a “cetene 
number” which expresses its ignition quality in a 
diesel engine. 


Still another method of rating the ignition quality 
of diesel fuels was found by Pope and Murdock 
who worked with a modified CFR engine; they 
took as their criterion the lowest compression 
ratio at which the fuel would just ignite under 
controlled conditions of speed, temperature, rniec 
tion, advance, pressure and inlet air. 


Later on the hydrocarbon cetene used by Boer- 
lage and Broeze was substituted by a less expensive 
one—cetane, and instead of cetene numbers, diese] 
fuels now have cetane numbers. From 1932 on it 
was possible to define ignition quality in a diesel 
fuel, but acquisition of this knowledge made little 
difference in the immediate situation as regards 
diesel fuel specifications. 


About this time the taxing authorities all over the 
country were discovering the revenue-yielding po- 
tentialities of gasoline which was being consumed 
by motorists on a large and increasing scale. Gaso- 
line thus became much more expensive, and the 
margin between the cost of fuel for the gasoline 
and the diesel engines became wider. The use 
of light, high-speed diesel engines for trucks, buses, 
actors, etc., became more attractive, and numer 
ous manufacturers embarked on the construction 
of these engines. The patent situation required 
each manufacturer to have his own design, and 
the number of types of engines increased, each 
requiring its Own particular kind of fuel. Hence 
specifications for diesel fuels became more diver- 
gent than ever; the oil refiners were appalled by 
the different demands made upon them. (See 
Medius, Ainslee and Schlesman in Refiner, Nov., 
1935, p. 537.) The engine builders were told by 
speakers at meetings of the American Petroleum 
Institute that the greater number and variety of 
builders’ specifications was threatening to limit the 
welulness of this engine. Out of ten sets of speci- 
fications presented to a refiner, not one agreed 
with another or with any stock which the refiner 
Way producing in the ordinary course of his busi- 
nes. Manifestly the refiner could not meet these 
varied demands without going to considerable ex- 
pense in producing and blending a large variety 
ot special stocks and to still more expense in set- 
tiny up distribution facilities for a much-splintered 
market, all of which would require him to impose 
higher costs on users of diesel engines. The result 
was that the refiners mostly left the diesel oper- 
ators to use the most suitable distillate fuels they 
‘ould find in the established distribution channels. 


A semblance of order was introduced by specifica- 
tions set up by Diesel Fuel Committee of the 
ASTM: the ASTM specifications were changed 
tom year to year to agree with oil stocks which 
Werte most available at the time. Specifications for 
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1935 are shown in Table 2: 


TABLE 2—DIESEL FUEL SPECIFICATIONS, 1935 


No. 1-D No. 2-D 
Flash, min. °F. 115 (or legal) 150 
Pour Point, max. °F. 35 35 
Viscosity, SU 100°F. 32-50 sec. 32-70 sec. 
Conradson residue, max. % 0.2 0.5 
Ash, max. % 0.02 0.02 
Water and sediment, max. % 0.05 0.1 
Cetene No. 50 40 


Ihe reader should not get the impression that the 
great diversity in fue! specifications for different 
makes of diesel engines was putting the high-speed 
diesel engine under a critical disadvantage. In 
spite of that situation the diesel-building industry 
continued to expand, and the number of users of 
diesel engines continued to increase greatly. Al- 
though an oil that conformed to ASTM specifica- 
tions of the time might not fit all engines and 
might not fit any of them perfectly, it was still 
possible for any diesel user to obtain a fuel that 
would produce power more cheaply than gasoline. 
The fuels that refiners were supplying might cause 
annoyance from knock, rough operation and 
smoke, but the engine would run, and in view of 
the geneially satisfactory result these annoyances 
could more or less easily be put up with, at least 
until the oil refiners could get around to distrib- 
uting better fuels. 


Meanwhile the research laboratories of the oil 
companies were continually studying the problem 
of producing more satisfactory diesel fuels that 
could be prepared in quantity and distributed at 
prices diesel users could afford to pay—meaning 
prices well under the price of gasoline. Using the 
modern laboratory CFR engine for determining 
cetane numbers, they could now determine what 
stocks were available for producing fuels of any 
ignition quality. But they did not cease to warn 
the designers of diesel engines not to expect fuels 
other than those which they were tooled to pro 
duce in the regular course of their business. While 
ignition quality of itself could be guaranteed, there 
were practical limits on this guarantee arising from 
the necessity of considering other circumstances. 
A high cetane number would rule out most cracked 
D-fuels and would force the refiner to draw on 
his stocks of straight-run distillates, which are 
needed for gasoline of high anti-knock quality and 
for kerosene which brings good prices. And besides 
that, the pour point of diesel fuels must be care- 
fully attended to. Virgin oils of high cetane num- 
ber have high pour points. The pour points of 
virgin oils can be reduced by dewaxing, but this 
is an expensive operation. It must be remembered 
that insistence on a certain physical property 
narrows the range of stocks from which a choice 
may be made; when two or more physical proper- 
ties are specified, the range of available stocks is 
still further narrowed. Hence diesel fuel specifica- 
tions must in any case represent compromises be- 
tween contradictory situations; diesel users, like 
everyone else, must recognize that they cannot 
have everything they wish. 


By 1946 W. L. Nelson, writing in the Oil and Gas 
Journal (No. 19, p. 47; 1947) could sum up the 
diesel fuel situation from the standpoint of the 
oil refiners, as follows: 


High-speed diesel fuels have mot as yet been 

studied as thoroughly as gasoline but have now 

become somewhat standardized in specifications. 

While there are still some variations in the re- 

quirements of various designs, all current specifica- 

tions center around five performance character- 

istics: 

(1) Ignition quality, represented by diesel index 
or cetane number; 

(2) Cleanliness; 

(3) Flow and atomization, represented by viscosity 
and pour point; 

(4) Volatility, represented by carbon residue, dis- 
tillation range and flash point; 

(5) Corrosive tendency, represented by sulfur con- 
tent, content of free acid and copper strip test. 


The task of the oil refiner is to find a practical 
compromise that will meet these requirements as 
closely as possible with the minimum of interfer- 
ence with other and greater interests which the 
petroleum industry has to serve. Among the vari- 
ous properties of diesel fuels, the main compromise 
has to be made between ignition quality and pour 
point. Diesel oils of very excellent ignition quality 
can easily be made from distillates of paraffinic and 
mixed base crudes, but such oils have high pour 
points. To get a low pour point, the straight-run 
distillates have to be blended with cracked dis- 
tillates, which decreases ‘the ignition quality and 
increases the instability of the fuel. The pour 
point of virgin distillates might be reduced by de- 
waxing, but this is too expensive; or the ignition 
quality might be increased by the use of dopes, 
which is also expensive. So the best the refiner 
can now do is to blend his burner oils in the 
hope that they will give satisfaction to most diesel 
users; if from time to time the diesel users find 
difficulty in getting satisfactory fuels, they may 
ascribe the situation to the fact that market condi- 
tions do not justify a better product, according to 
Nelson. He goes on to say that the modern oil 
refiner has the know-how to prepare perfect fuels 
for any diesel engine, and he will do it if he is 
suthciently paid for his twouble, ‘The diesel engine 
builders still have one obvious recourse for retain- 
ing the benefit of the low price of burner fuels; 
they might make greater use of the principle of 
supercharging, which will admit the use of a wide 
range of cheap distillates that are now excluded. 


While oil producers and builders of diesel engines 
were wrestling with the problem of fuel for diesels, 
they had also to deal with the problem of lubrica- 
tion for diesels, which turned out to be more 
troublesome than was the case with the gasoline 
engine, due to the fact that the diesel engine oper- 
ates at much higher pressures and combustion 
temperatures. The ordinary lubes that were satis- 
factory for the gasoline engine failed under these 
conditions. The high temperatures caused exces- 
sive carbon formation from pyrogenic decomposi- 
tion and lacquer formation by oxidation of the 
oil, both resulting in ring-sticking; the high pres- 
sure promoted blow-by which caused corrosion. 


The usual lubricants did not sufficiently protect 
bearings and other working surfaces from wear. 
Meanwhile oil refinery technologists were making 
ee ind now please turn to page 280..... 
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Unusual drive flexibility 
made possible by REDUCTION GEARS | 
in six French ships 


ST. PIERRE 


The use of Farrel reduction gears in these 
French ships makes possible an engine- 
room layout that provides unusual economy 
and efficiency. The diagram shows the twin 
drive arrangement common to the six ships. 


Each propeller is connected through a Farrel 
reduction gear to three 1200 hp. Diesel engines. 
The two forward Diesels are considered the pri- 
mary propulsion engines. The third or ,auxiliary 
~ engine is located aft of the gear set and has a 600 
~ kw. generator mounted between it and the reduc- 

tion gears. All engines are connected to the reduction 
gears through electro-magnetic couplings. 


At sea, the auxiliary engines can be used to supple- 

ment the power of the propulsion engines. In port, either 

auxiliary can be used to supply current for the ship’s normal 

electric load plus power for operation of cargo winches. With this 

extremely flexible engine-room arrangement, adjustments and replace- 

ment of engine parts can be accomplished while under way without 
waiting for return to port. 


This is only one of many possible ways of applying multiple Diesels 
on. Path to single or double propeller shafts. Why not call in a Farrel engi- 
: neer to help you work out the most economical and efficient drive for 
your vessel? FB-A44 


FARREL-BIRMINGHAM COMPANY, INC. © 344 VULCAN STREET, BUFFALO 7, N.Y. 
New York: 3700 Chrysler Building * Los Angeles: 2032 Santa Fe Avenue 
AMIENOIS Plants: Ansonia and Derby, Conn., Buffalo, N. Y. 
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ALGERIE 


OUPLINGS REDUCTION GEARS D+ GENERATORS 
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IN WAUSAU PISTON RINGS IT'S PRECISION 


As precision” built as a W usau ring” is a 
_ phrase well known throughout the industry 
‘ _ a standard of comparison by which the 
finest ging | may be measured. 


“growth of 25 years of the 
most exacting type, aided by ever-more mod- 
machinery, ever-more skillful engineer- 


ing. Whether it's piston rings or valve seat . 
inserts, when you specify WAUSAU you spe- ; 


that the product you receive has been built 


exactly as you required, ‘and exactly right. 
Wausau Motor Parts Company, Wausau, Wis. 


PISTON RINGS 
VALVE SEAT INSERTS 
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Development of fuels and lubes, continued 
progress in perfecting cylinder lubricating vils for 
gasoline engines, particularly since the introduc- 
tion of the solvent process for refining lubes, but 
this improvement only made matters worse. 


The Caterpillar Tractor Company is given credit 
for first awaking to the fact that straight mineral 
oils were unsuited for diesels, and for egging on 
the oil refiners to do something about it. The 
first thorough-going response to this appeal came 
from the Standard Oil Company of California, 
which built a large, special laboratory for lubrica- 
tion research in which were installed 27 diesel 
engines of seven different makes. 


The fundamental research carried on in this lab- 
oratory and in others that were soon established 
by other oil companies showed the essentials of 
the diesel lubrication problem. The main require- 
ments were reduction of carbon formation and 
oxidizability to a minimum, thus reducing the 
propensity to ring-sticking and corrosion. Of equal 
importance was the problem of finding lubricants 
that would “wet” hot metal surfaces with a con- 
tinuous film of oil. The lubrication engineers 
designate this property of film formation as “oili- 
ness." But lubes for diesels also have to have the 
quality known as “film strength,” so that the film 
of oil on the bearing surface will not be disrupted 
by the effect of heavy operating pressure. If the 
film is disrupted, metal will touch metal, and 
“seizure” or “welding” of the metal surfaces will 
occur, resulting in serious damage. 


In their approach to the problem of lubrication 
under conditions of high temperature and high 
pressure, the researchers stood before the curious 
fact that lubricating oils refined by the solvent 
extraction process, while a decided improvement 
for general lubrication purposes, were worse than 
ever when used with diesels. Evidently solvent 
extraction removed something from the oil that 
was objectionable for ordinary lubrication but 
should be kept in or even increased to make the 
oil more suitable for diesel lubrication. It eventual- 
ly turned out that solvent-refined lubes were being 
deprived of their naphthenic hydrocarbons which 
were of special interest in the lubrication of bear- 
ings and sliding surfaces of diesels. The natural 
suggestion followed that diesel lubes should have 
a naphthenic rather than a paraffinic base. The 
next discovery was that the good anti-friction 
properties of naphthenic lubes could be enhanced 
by various specially-prepared “additives,” of which 
the first to be used was an aluminum soap made 
from naphthenic acids. An even better anti-wear 
additive was found in a calcium soap made from 
phenyl-stearic acid, and since then numerous others 
have been found. 


The solution of the problem of anti-wear (which 
means anti-friction) lubes by the use of the men- 
tioned additives did not settle the whole problem 
of diesel lubrication. There remained the prob- 
lem of ring-sticking, the scratching and scuffing 
of rings, liners and pistons, corosion and “weld- 
ing.” Sticking results from the formation of lac- 
quer or “varnish” which is due to oxidation, and 
oxidation produces corosive acids; hence diesel 


cylinder lubes should be provided with anti-oxida- 
tion additives and “detergents” that will keep sur- 
faces clean. Beyond these is the matter of scratch- 
ing and scuffing that comes from breaking the oil 
film. Therefore, it is of advantage to have addi- 
tives that promote oiliness and film strength. For 
this purpose there is a wide choice among organic 
acids and their metal compounds, the higher esters 
and alcohols. 


The situation as of today is that, largely through 
research promoted by the major oil companies, the 
problem of a perfect or nearly perfect diesel fuel 
has been solved, at least in principle, and such 
a fuel can be made generally available when the 
oil producers and the engine builders reach sub- 
stantial agreement on economic matters. As for 
diesel lubes, there are compounded oils that, if 
not yet absolutely perfect, are adequate to meet 
and overcome the major difficulties associated with 
the characteristic operations of the diesel engine. 


DEMA REVIEWS ITS FIRST 
TWENTY YEARS 


In 1928 a group of builders of diesel engines in 
the United States organized in New York City a 
national association called the “Diesel Engine 
Society.” A year later the name was changed to 
the “Diesel Engine Manufacturers Association” 
(DEMA). In its early days, the Association was not 
incorporated and had no office or paid staff. Such 
things as were done were supervised by the Asso- 
ciation’s officers and directors. 


Among the early Presidents of the Association 
were: H. R. Sutphen of New London Ship & En- 
gine Co., A. E. Ballin of McIntosh & Seymour 
Corp. (now American Locomotive Company), G. 
W. Codrington of Winton Engine Corporation, 
H. Birchard Taylor, R. B. McColl of American 
Locomotive Company, E. B. Pollister of Busch- 
Sulzer Bros.-Diesel Engine Co., and W. H. Harman, 
Baldwin Locomotive Works. 


One of the first projects undertaken by DEMA was 
the preparation of a book of standards dealing 
with the installation of diesel engines. This was 
titled “Standards of the Diesel Engine Manufac- 
turers’ Association” (1930), which was revised in 
1935 and titled “Standard Practices.” 


When the National Recovery Act (NRA) was cre- 
ated in 1933, DEMA was confronted with the 
problem of setting up a code. This was accom- 
plished in cooperation with Machinery & Allied 
Products Institute. 


In the depression years the diesel engine manu- 
facturing industry was naturally affected, in com- 
mon with other capital goods industries. Not- 
withstanding, a work that the Association had 
undertaken, namely, publication of “Marine Diesel 
Engine Standards,” was carried through. However, 
in 1939 the Association closed its office, which at 
that time was still in New York City. 


With World War II came a tremendous demand 
for diesel engines of all types and sizes. Overnight 
the production of the industry increased many 
times over what it had been in its peak peacetime 


year. To serve the Nation with these tools of wa, 
created many problems for the engine buil lers 
and they felt the need for active cooperation. [he 
result was the re-establishing of DEMA lat. in 
1943. It was incorporated under the laws of Illi. 
nois, and a headquarters office was openec in 
Chicago early in 1944 with Harvey T. Hill a. ex. 


ecutive director. 


At that time there were 9 companies which under. 
wrote the new setup. Within three years this 
group had grown to 22 companies. The nev 
DEMA had a busy program serving the people 
who build, and the people who buy, diesel engines 
Following are a few of the things that have been 


done: 


1. A special committee of engineers re-edited and 
brought up to date the old book of “Standard 
Practices.” Later, this committee had the text 
translated into Spanish for distribution to Cen- 
tral and South America. 

2. Another committee, similarly set up, has re. 
edited the original book “Marine Diesel En. 
gine Standards.” This book is prepared for the 
special use of naval architects and others inter. 
ested in the installation of diesel engines in 
the marine field. 

3. An intensive educational program has been 
organized with the cooperation of 30 parts. 
accessory and oil companies, and with the co 
operation also of DIESEL PROGRESS to help 
improve the educational facilities of the country 
in the diesel engine field. This program extends 
to the accredited mechanical engineering schools 
of the country, and also to trade schools of good 
standing. The following seven points outline 
the objectives of this program as it is now set 
up: 

Adequate laboratory equipment in all engineer- 
ing schools. 

Efficient use of all such equipment. 
Establishment of better courses. 

Development of theses that are of value and 
interest, in schools where graduate work is 
available. 

Graduation of engineers who will be better 
equipped to work for the members of DEMA 
and the companies cooperating with DEMA’s 
educational program. 

Accurate knowledge upon the part of every 
engineering graduate as to where diesel engines 
belong, regardless of what branch of engineer- 
ing he has studied. 

4. Much has been done toward developing a better 
understanding of diesel engines on the part of 
those who use them. This has been accom 
plished through conferences between users and 
manufacturers. Marine diesel engine confer- 
ences have been held in San Francisco, New 
Orleans, Boston and New York. Similar meet 
ings, to discuss stationary generating plants. 
have been held with such groups as the Rural 
Electrification Administration and the Ajneti- 
can Public Power Association. 


5. Much valuable information and many facts ‘1av¢ 


been gathered by the Association’s headqua ters, 
that are helpful not only to the engine bui'ders 
but to others serving the manufacturers of « ies¢l 
engines. 


DIESEL PROGRESS 
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§. Lhe Association has organized a committee of 


Chief Engineers which holds regular meetings 
t» discuss problems common to the engineering 
fraternity in the diesel field, to the end that 
better engines are being built and the buyers 
of diesel engines are better served. 


7, The Advertising and Public Relations execu- 
tives of the diesel engine manufacturers are 
doing an exceptionally fine job, through a series 
of regular conferences, in improving the activi- 
ties of the engine builders in these fields. 


Many other special committees and groups are at 
work on the immediate problems of the day, in 
which it is important that the industry present 
a united front. 


STATISTICAL REVIEW 1898-1948 


Here we bring into focus some of the essential 
statics on the diesel engine industry in graphical 
presentation. The several charts reproduced here 
have been compiled from the best available sources 
and represent fairly the past and present status of 
the industry: 


The first available statistical material was pub- 
lished by the American Diesel Engine Company 
in 1903 in a booklet which contained the follow- 


ing statement: 


“In the United States the manufacture of diesel 


engines is only a year old, though a dozen ex- 


perimental engines were built in 1898 to 1900. 
These disclosed the need of radical improvements, 
the success of which months of experience had first 
to confirm before tools, machines, methods, and 
labor could be standardized for manufacture. 


“There are now, July 1903, in successful operation 
in the United States 27 diesel engines, aggregating 
1605 hp., while 66 engines aggregating 8200 hp. are 
under construction in our shops.” 


Figure | shows diesel engine production by horse- 
power for the fifty year period 1898-1948, and 
The ex- 
piration of the original diesel patents in 1912 led 
dnd now please turn to page 284 ..... 


reveals some interesting historical facts. 
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"Ganso type," “Muledozer" steel tugs built by Higgins 
Incorporated of New Orleans, Louisiana, are propelled by 
Venn-Severin type H.C.V. 6 cylinder Marine Diesels. These 
engines are simple, ruggedly constructed engines intended 
for continuous heavy duty service in work boats, fishing 
boats, tow boats, etc. In addition to main propulsion units 
they are also arranged and equipped for operation of 
cargo pumps, main and auxiliary generating sets in 
capacities from 15 KW to 175 KW alternating or direct 
current. 


Venn-Severin 2 cycle Diesels, ranging from 20 to 350 H.P. 
at speeds from 600 to 1000 rpm are backed by more than 
forty years of Diesel engine building experience. Inves- 
tigate Venn-Severin specifications before buying your 
Diesel, either for stationary, Marine or direct power appli- 
cation. 
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DIESEL POWER 


for the 


PASSENGER FREIGHT 


Frisco’s Diesel-Powered Frisco now has on order 96 
Railuxury Trains ...The New Diesel-Electric Road 
Meteor and Texas Special and Switching Units 

The Meteor operates between St. Louis, Tulsa and New freight locomotives will operate from Kansas City 
Oklahoma City; the Texas Special, between St. Louis, to Birmingham and the Southeast, and from St. Louis to 
Dallas, Ft. Worth and San Antonio. the Southeast and Southwest. 
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SALES IN 
THOUSANDS 
DIESELFUELCON SUMPTION |TRACTOR PRODUCTION Track laying type 1927-1948) 
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Ys The depression of 1929 was most severely felt in the fact that over one half of the switchers ir 
aT} [aie T8F 140184218048 1932 when production dropped to esaned hp. or service today are diesel attests to the fact that ther 
the 1921 level. But this relatively young industry rise has been phenomenal. During the first |\ 
5 was one of the first to recover from the shock of months of 1947 244 diesel switchers were placeé 
Fig. P 
depression. Cost-conscious buyers, having learned in service as against one steam switcher. 
that diesels meant low fuel and operating costs 
DIESEL BUS & TRUCK PRODUCTION | 
| : | turned to them for economy, with the result that Figure 2 shows the number of diesel locomotives 
14 T — by 1937, yearly production had reached the 2 in service 1937-1947. These curves are interesting 
13 thousands of units million mark. The recession of 1938 dropped as they show the entry into the railroad pictur 
2 | production a half-million hp. during that year, first of the lightweight Zephyr-type passenge 
, but by 1940 and the eve of the sec ond world war diesels followed by the slower entry of the freight 
production topped 3 million hp. models. In 1940 the freight diesel began to come 
10 into its own and under wartime transportation 
$ The war period boosted diesel production beyond emergencies and in 1942 passed the diesel passenge 
g the wildest estimates of the optimists, with a pro- locomotives in number. Since that time the in- 
7 duction of 36 million hp. in 1944 according to crease in both types of locomotive has been ver 
6 the most reliable estimates. The Army and the rapid. In the first ten months of 1947, 606 new 
Navy took the bulk of this wartime production, diesel locomotives were placed in service. 
5 with 35 million hp. alone going to the Navy dur- 
4 ing the war period. It was during this period that G. A. Price, President of the Westinghouse Electric 
3 installed diesel horsepower in the Navy outnum- Corporation in a recent talk stated that if Amer: 
2 bered that of steam for the first time in history. can railroads continue their present purchas«s © 
Reconversion during 1946 coupled with generally almost 5 million horsepower in diesel-electric loco 
unsettled conditions and a drop in armed forces motives, in 10 years the electric power production 
3?” demand ina considerable drop in produc- capacity of the railroads willexceed that develope? 
tion, but with 1947 the expanding economy of the by all the present central station generating p'ant 
Fig. 6 country demanded more diesels. Estimates for 
Figure 4 shows the amazing increase in diese! fue 


Statistical Review, continued 
to a definite upward swing in production which 
was followed by a still greater upsurge during the 
first World War, when marine diesels were pro- 
duced in quantity. The industry had its ups and 
downs in the postwar period reaching a peak in 
1928 with a production figure of over 400,000 hp. 


1948 production range in the region of from 18 to 
20 million horsepower. 


The biggest single factor in this tremendous pro- 
duction is the rapid dieselization of the country’s 
railroads. Figures 2, 3, and 4 show this rapid 
trend to diesel which began in the middle thirties. 
Diesel switchers came to the foreground first and 


consumption by the railroads from 1936-1948 (est 
mated). A comparison of Figures 4 and 5 reveal 
that the estimated 1948 diesel fuel consumption b' 
the railroads equals the entire fuel consum ptie” 
for all types of diesels in 1938 (Figure 5). 


Figure 6 shows diesel truck and bus prod:ctio" 
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Fig. 8 


for the years 1936-48. Actual factory sales figures 
for 1947 show that during the year 5112 diesel 
buses and 6,209 diesel trucks were sold. 3,604 of 
the trucks and 717 of the buses went into export. 
Figure 7 presents the data on tractor production 


for the period 1927-1948. This summary only 


ACCESSORIES 


The early diesel engine manufacturers had to 
make not only the engine and all of its parts but 
just about everything that was needed to go with 
it, the accessories as they are called today. But 
as the diesel industry became of importance, other 
manufacturers saw an outlet for equipment they 
could make, and the accessory business was born. 
It came gradually and has changed to meet the 
requirements. The accessory 
equipment has become a part of the diesel indus- 
try. The manufacturers have studied the require- 
ments of the diesel engine builders, the operating 
and service conditions, the needs of the users of 
diesel engines, and have developed apparatus to 
suit. Only a few examples can be mentioned here 
because of the magnitude of the field,-but they 
are typical and indicate the great contributions 
that have been made to the present day success of 
the cliesel. 


manufacture of 
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includes the track laying type tractors, it includes 
no data on diesel wheel type tractors, but gives 
a clear picture of the general trend in farm and 
construction machinery. 


Figure 8 is a breakdown of diesel fuel consumption 


AMERICAN BOSCH 


The story of American Bosch and the diesel is 
the story of the development in Springfield, Massa 
chusetts, of a broad line of fuel injection equip- 
ment based at the outset upon the designs ol 
Robert Bosch in Germany but modified and ex- 
panded through the years to meet the special 
requirements of American manufacturers of en- 
gines and equipment. The German story is im- 
portant both in itself and as background. 


The introduction of Robert Bosch to the diesel 
engine occurred during the early experimental 
work of Rudolph Diesel,, when in 1894 he turned 
to Bosch for magnetos to be used in developing 
his new cycle. The Bosch magneto was already 
well known at that time, and at Diesel’s request 
Robert Bosch personally applied electric ignition 
of this type to the experimental engine for trial. 
When finally the diesel prime mover successfully 
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Fig. 9 
by states for 1945 and is usetul in determining the 


geographical 
Figure 9 is an interesting chart showing the utiliza 


location of diesel concentrations 
tion of diesels by the U. S. Navy during the war 
showing the percentages of various types of engines 


in service, classified as to cylinder bore. 


took the form of the compression-ignition engine 
which it had started out to be, Bosch was con 
cerned lest some day it become a threat to his 
He had learned at first hand 
about the new engine’s possibilities. 


magneto business. 


Bosch was progressive anyway, constantly on the 
alert for new products to manufacture. In 1907 
he started to make lubricators, and ultimately his 
shops produced regularly the forced-feed types 
1912 
he essayed a gasoline injection pump to take the 


requiring plungers lapped to close fits. In 
place of the carburetor. Unfortunately gasoline 
proved to be too tricky a liquid to handle at that 
time; the project was abandoned. 


In 1922 Bosch tried again to convert automotive 
type carburetor engines to pump injection, but he 
made little progress. Concurrently he paid much 
attention to the needs of diesel engines for acces 
sories. Diesels less large in size and less slow in 


an 


speed were being developed, but no distinct trend 
for means or methods of fuel injection had 
emerged. Air injection was in common use; its 
bulk, danger, unreliability and expense were a 
great handicap to the progress of the diesel into 
smaller sizes. A good solid injection system was 


imperatively needed. 


In December of 1922 Robert Bosch decided to 
proceed with the development of fuel injection 
equipment for all sizes and types of diesel engines 
with special emphasis upon the requirements of 
what did not then exist, namely a small high-speed 
multi-cylinder diesel suitable for trucks and gen- 
eral automotive use. ‘The performance goal was 
set very high—so high as to retard the development 
somewhat, During the year 1923 twelve different 
pump designs were tried. Work was hampered 
because only I-cylinder engines were available. An 
effort as made to convert a 4-cylinder Panhard- 
Levassor gasoline engine to operation on the diesel 
cycle, but this was a failure because the necessary 


compression pressures could not be obtained. 


In 1924 the Benz diesel engine truck was offered 
commercially, and Bosch immediately obtained 
one for use in his company’s hauling service as a 
means of becoming acquainted with diesel engine 
operation. The engine in this truck was of the 
precombustion chamber type. It was 4-cylinder, 
I-cycle, 4-15/16 in. x 7-3/32 in., with top speed 
of 1000 rpm. 


Many people were working at that time on the 
design of an automotive type of compression- 
ignition engine, and among them was Franz Lang, 
who had worked with Rudolph Diesel himself dur- 
ing the early experimental period. Lang had de- 
veloped a novel type of small diesel which was 
suitable indeed only for small cylinder sizes, where- 
as other small diesels of the time were scale-down 
models of larger ones. Lang’s engine had a special 
form of combustion chamber comprising mainly 
a recess in the piston crown, and it had a novel 
form of fuel injection pump having for each pres- 
sure plunger an additional plunger with helix for 
quantity control. The patents were owned prin- 
cipally by an American citizen, Albert Wielich, 
who organized the American Crude Oil Corpora- 
tion, hence the name “Acro” engine. Wielich had 
two brothers who owned a European company 
which was involved in this. 


Through its extensive pump development work 
the Robert Bosch organization had come by 1925 
to recognize the merits of a rotatable plunger with 
helix, the original idea for which had been dis- 
closed in 1892 by a German patent issued by Carl 
Pieper, which described the action of this helix 
as it is used today. Later inventors employed the 
idea in other ways. 


Bosch wanted the Acro pump patents and after 
long negotiations finally bought in 1925 the Acro 
patents on both the pump and the combustion 
system, taking on at the same time the inventor, 
Franz Lang, as an employee. The Bosch purpose 
in acquiring Acro was two-fold: (1) to gain experi- 
ence with small-bore high-speed diesels in order 
better to develop injection accessories; (2) to 


promote the manulacture of high-speed diesel en- 
gines by licensing the Acro combustion system to 


engine builders. 


By September of 1926 filty Acro injection pumps 
had been built by Robert Bosch as samples for 
Acro engine manufacturers, but both the engine 
and the pump needed further development work. 
In October Franz Lang resigned. From that time 
on, all development work was concentrated upon 
the Bosch design of pump, characterized by the 
control helix being cut on the pressure plunger 
itself and the plunger being rotatably moved for 
quantity control. This design had been temporarily 
set aside when the Acro project was taken up in 
the previous year. Work on the combustion system 


proceeded without inter uption. 


1926 was the year in which it was formally an- 
nounced that Bosch had entered the fuel injection 
field and would offer pumps and nozzles commer- 
cially. A 214-ton truck was equipped with a diesel 
engine using injection equipment of Bosch manu- 
facture and was sent on demonstration trips across 
Europe showing up to 70°, fuel savings over the 
gasoline engine. Bosch began at once to concen- 
trate on the precision methods of manufacture 
needed for such pumps and nozzles. He realized 
that his company could contribute standards of 
production precision which engine manufacturers 
of that time would be quite unable to mect. 


1926 was also the year in which the first Bosch 
fuel injection equipment was sent to the United 
States. It was installed on an M.A.N. diesel engine 
in a 314-ton truck which the Robert Bosch Mag- 
neto Company of Long Island City, N. Y. (merged 
four years later into the American Bosch Corpora- 
tion) used for general hauling and sent on many 
trips carrying exhibits to engineering meetings. 
This truck created much interest. 


Robert Bosch in Stuttgart accelerated the commer- 
cial development of fuel injection business in 1927, 
launching the B size injection pump in both 
single- and multi-cylinder forms and the S size 
nozzle in both pintle and hole types. Furthermore, 
the Acro combustion system was promoted inten- 


sively. By November of 1927 as many as twelve 
different makes of engines with Acro combustion 
chambers and Bosch injection systems were on test 
and display in the Bosch laboratory at one time. 
The type PE..B pumps were available as produc- 
tion units in 2-, 4-, and 6-cylinder executions. 
These pumps represented by far the most simple. 
compact, and accurate means for metering and 
injecting fuel into a diesel engine that had yet 
been devised, and their advent opened the door 
to the true high-speed engine by removing the 
limitations on small sizes of cylinders and high 
speeds of revolution. That there was a commer- 
cial demand for such equipment is shown by the 
fact that over 10,000 Bosch injection pumps had 
been built by 1930. The 100,000 mark was passed 
in 1934. 


1927 is further noteworthy as the year in which 
the present well-known type of pintle nozzle was 
placed on the market by Robert Bosch. The idea 
of a pintle end on the nozzle valve stem probably 
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The 1926 Acro-Bosch pump with two sets of plungers, 
one set for pumping and one set for metering. 


originated with Peter Bowman of Denmark, who 
in 1910 applied for a patent on an inwardly-open- 
ing difterentially-operated pintle nozzle. The in 
wardly opening differential type of nozzle without 
pintle had been devised by Thornycroft of Eng- 
land in 1908. 


In 1928 the Acro combustion system was consid 
ered to have reached its peak. This was the year 
in which the 1000th production pump was de 
livered. Forty Acro licensees had been established 
from 1925 through 1929. By 1931 all work on 
the Acro system had stopped. The Acro experience 
had been helpful in two important respects. It 
had materially assisted Bosch in the development 
of fuel injection accessories, and it had contributed 
much to the development of the automotive diesel 
engine in various parts of the world. To many 
engine manufacturers the Acro-Bosch combination 
had represented the only practicable means for 
getting started in the diesel field. Having started. 
they could count on Bosch assistance in the de- 
velopment of fuel injection equipment suitable for 
other and more advanced types of combustion 
chambers. Acro was simply the initial stimulus 


In the United States the influence of Bosch injec 
tion equipment was first felt to an important ex 
tent in 1929, when it led many of the established 
manufacurers of large diesel engines to break .wa' 
from air injection and led others to plan the de- 
sign and development of solid-injection diesels 
comparatively small in size and high in speed. 
That the five years 1929-1934 were highly signif: 
cant in these respects can be noted elsewhere i 
this issue from the histories of individual Amer’ 
can engine manufacturers. While in Germany the 
Robert Bosch people were developing fuel filters. 
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Type PE Bosch pump used on 
MAN truck engines—!928. 


minimum-maximum speed flyweight governors. 
variable speed pneumatic governors, plunger-type 
transfer pumps, and other accessories, their Ameri- 
can licensee was particularly active along field 
engineering lines and was laying the foundation 
for a business warranting full-scale manufacture 
of Bosch injection equipment in this country. 
Indeed, the aggressive collaboration of American 
Bosch with U. S. engine builders resulted in de- 
mands for types and sizes of equipment far beyond 
those required abroad, as a consequence of which 
the independent manufacture of this product at 
Springfield became a certainty long before there 
was real economic justification for the heavy in- 
vestment in tooling. Fortunately the volume of 
business, though small when manufacture was 
initiated in 1934, increased remarkably during the 
ensuing years. 1935 volume was 370°, of 1934, and 


substantial increases continued in successive vears. 


American Bosch, long a manufacturer of precision 
automotive accessories and of radios, worked vali- 
antly through the "30s to expand its manufaciuring 
program for fuel injection equipment to the point 
of independence from Germany. Hampered by 
the depression and by the Connecticut Valley 
flood disaster of 1936, it nevertheless made steady 
progress; and complete success was assured by the 
sweeping management change of 1938, when radio 
and similar distractions were dropped in favor of 
all-out concentration upon the fuel injection and 
ignition requirements of the internal combustion 
engine industry. Moreover, attention was given 
to service and educational phases of the develup- 
ment of diesel business. Maintenance service to 
the user kept pace with the expansion of produc- 
tion facilities. Limited at first to the Springfield 
factory, then to branch field engineering offices, 
ronipetent service by factory-trained personnel was 
esta lished at an early date with American Bosch 
‘ervice agencies at key centers. Fuel injection 
Service was grafted to an existing organization of 
“T\ ice specialists possessing the vision to pioneer 
through the unprofitable period. 


In 1939, close upon the heels of the product serv- 
ie program, American Bosch created educational 
facilities in the form of service training schools, 
first at Springfield and shortly afterwards at San 
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Francisco. These tree schools were established with 
the purely commercial objective of disseminating 
injection equipment maintenance know-how broad- 
ly amongst the builders and operators of engines 
to promote still more rapid acceptance of the 
diesel as a prime mover in all sorts of industries. 
However, they were destined to be within a few 
vears the vital means for instructing hundreds of 
the teachers of tens of thousands of men in our 
armed forces who were responsible for the mainte- 
nance of millions of diesel horsepower dependent 
upon injection equipment of the basic Bosch type. 


1938 can perhaps be selected as the year in which 
the American Bosch line of fuel injection equip- 
ment began to depart importantly from the Robert 
Bosch line as a consequence of requirements pe- 
culiar to the United States market. The first de- 
partures from traditional designs were minor, in- 
volving variations of conventional executions 
rather than new products: but soon there were 
complete new units. Amongst the first of these 
was the type GVA variable-speed governor embody- 
ing torque control, for application to the type 
APE..A multi-cylinder injection pumps; and this 
governor development proved to be one of great 
significance on account of the growing importance 
of the diesel in tractor service, where it is espe- 
cially desirable for an injection system to have a 
fuel delivery characteristic, as a function of speed, 
proportional to the ability of the engine to burn 
fuel, or in other words proportional to the engine's 
inherent torque characteristic. The GVA governor 
provided this, and production of type APE pumps 
rose more sharply than ever. 


Another significant development was the type FSP 
sealed final-stage fuel filter using paper in the 


Comparison of 6-cylinder pumps with governor, standard type APE vs 
the new single plunger pump type PSA. 


American Bosch BB size, tyre APE pump for heavy 
duty truck and bus service. 


Above: Comparative sizes of 
smallest and largest nozzle 
holder assemblies in the Amer- 


ican Bosch line. 


Left: American Bosch ty 
AKK spindleless nozzle holder 
assembly. 
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Below: The American Bosch line of fuel injection 
equipment in production prior to World War Il. 


filtering element. ‘This salety filter, as it was 
called, not only gave engine operators an inexpen- 
sive form of reliable protection from plunger wear 
by small dirt particles but also demonstrated that 
it was really possible to achieve in one small unit 
a high degree of filtering efficiency in combination 
with a high flow capacity and a low pressure re- 
quirement. The effect upon filter design generally 
was good. 


Further changes in the Bosch line were dictated 
over the years by the trend towards higher engine 
speeds, higher injection pressures, and longer peri- 
ods of operation without maintenance attention. 
Locomotive builders were prime users of American 
Bosch injection equipment, and many of the de- 
mands for additional ruggedness came from rail- 
road experience. One result was the CC size of 
APF pump, with bottom-seat delivery valve, spring- 
loaded control rack, and hydraulically balanced 
plunger. Another was the AKK execution of 
nozzle holder, with pressure adjusting spring situ- 


Right: The new American Bosch multi-cylin- 
der, single-plunger type PSA fuel injection 


The 1948 family of American & Bosch 
type APF pumps. 


pump with governor. 


ated at the lower end close to the nozzle so as to 


eliminate the spindle and its inertia forces. From 
the truck and bus industry came the requirement 
for the BB size of type APE pump, with substan 
tially increased mechanical strength and pressure 


capacity. 


A wartime development which carried over into 
peace was the big F size of type APF injection 
pump, designed in collaboration with the Nord- 
berg Manufacturing Company for use on the 9- 
cylinder 2-cycle 29 in. x 40 in. diesel engine of 
the M/S Emory Victory. Injection pumps of this 
size, the largest of Bosch type, are being used today 
for the largest diesel engines ever built in America. 


After V-J Day American Bosch devoted an in- 
creased amount of attention to the development 
of its radically different design of fuel injection 
pump for small 4-cycle engines, the type PSA. In 
this single-plunger design one plunger and one 
delivery valve do the work normally allocated to 


four or six plungers and delivery valves because 
metering is accomplished by throttling of the in- 
take and the single plunger has a continuous rotary 
motion in addition to its reciprocating action, thus 
serving as its own fuel distributor. This pump, 
characterized by simplicity and low cost, has just 
recently been put into initial production. It rep- 
resents a bold step towards a reduction in the cost 
of injection eyuipment sufficient to open entirely 


new markets to the small diesel. 


Today American Bosch employs 2500 people, over 
half of whom are engaged in fuel injection work, 
and furnishes injection equipment to over 75% 
of U. S. manufacturers of diesel engines. Field 
engineering offices are maintained in New York, 
Cleveland, Detroit, Chicago, and San Francisco. 
There are eighty authorized service agencies in 
the United States and Canada as well as forty-five 
service representatives in foreign countries. A large 
part of the $1,000,000 spent annually at Springfield 
on engineering is for fuel injection design, develop- 
ment, and research work. 


Ihe attitude of present management seems to be 
that whereas in 1922 Robert Bosch initiated a step 
which led to tremendous improvement over the 
air-injection theme, opening the door to high-speed 
diesel engines, and whereas considerable refine- 
ment in specialized applications of this equipment 
to a great variety of types and sizes of engines has 
been accomplished by American Bosch, including 
even application of the solid-injection technique 
to those large engines where blast injection was 
least inappropriate, there still remains a vast field 
of opportunity for further reduction of cost to the 
end that satisfactory injection equipment may be 
provided to engine builders at prices more in keep- 
ing with the term “accessory equipment.” ‘The 
diesel as a basic type of prime mover can still 
benefit handsomely from advances in the ‘uel 
injection art. 


BENDIX-SCINTILLA FUEL 
INJECTION EQUIPMENT 
Scintilla Magneto Division of Bendix Aviation 
Corporation has behind it a long history in the 
development and manufacture of precision igh 
tion devices—especially magneto systems for ail 
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POSITION DELIVERY BEGINS BYPASS BEGINS 
FLUNG OF CYLINDER 


Section of Bendix-Scintilla fuel injection pump showing 
pumping cycle and quantity regulation. 


calt and industrial engines. Soon alter Bendix 
\viation Corporation was formed in 1929, from 
a number of units of which Scintilla was one, it 
was decided to develop fuel injection for diesel 
engines as a companion precision product to Scin- 
tila magnetos. This work was carried on at the 
‘cintilla plant at Sidney. N. Y., under the direc- 
tion of Albert T. Bremser, of long experience in 
the design of diesel engines and diesel engine 
equipment. Drafting and laboratory facilities were 
established separate from ignition engineering and 
several years were spent in development vwork. 
Individual cylinder injection pumps and _ nozzle 
holder assemblies were supplied to manufacturers 
for test as early as 1937, followed by production 
orders which increased in volume and applications 
until, in 1948, it is used as original equipment on 
many of the makes of engines for which it is 
applicable. 


Individual cylinder equipment is manufactured for 
engines ranging from approximately 4 in. to 20 
in. cylinder bore, both for normally aspirated and 
supercharged. This equipment is shown diagram- 
matically in the sectional view, the cycle of opera- 
tions being indicated in another illustration. Five 
pump sizes covers this range, with a few variations. 


A typical group is shown. 


Special features of these pumps include a long 
sealing surface on the plunger above the meter- 
ing helix and a helical lubricating greove opposite 
helix. 


the metering Proper balancing of the 


Plunser reduces wear from side pressure and 
assures that a good seal is maintained at the ports. 
Other features include separation of the supply 
chamber in the pump housing into two separate 
§t00\~s Opposite the inlet and by-pass ports. ‘The 
delivery valve design eliminates harmful air 


pocke's in the pumping chamber. 


The increasing use of supercharged engines has 
led to the development of pumps suitable for fuel 
Pressures up to 10,000 Ibs. per square inch. For 
these a line has been developed, interchangeable 
with standard pumps, characterized by the addition 
of “x” 


to the type designation. Pumps having 
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Above: Five sizes of Bendix-Scintilla 
fuel injection pumps for range of 
engine requirements. 


Below: Section of Bendix-Scintilla fuel 
injection pum 
er assembly. 
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Left: Sectionalized 


Bendix-Scintilla 
nozzle holder 
assembly. 


First right: Scintilla unit injector 


sectionalized. 


Next right: Scintilla liquid 


cooled nozzle valve and 
spray tip. 


with separate nozzle 
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Drilling orifices in Scintilla spray tips. 


the letter “R" in the type designation have control 
racks at right angles to the long diameter of the 
mounting flange. 


A wide variety of nozzle holder assemblies (or in- 
jectors) is supplied to suit engine requirements. 
The sectional view shows this general construction. 
Nozzle valves are provided with spray tips in which 
the spray orifices are drilled to suit combustion 
chamber requirements. These are replaceable at 
small cost when normal wear in service makes re- 
placement desirable. The nozzle valve itself is 
protected from the heat of combustion. The pic- 
ture shows the method of driliing spray ciifices. 


For larger diesel engines, including Uiose using 
pre-heated fuel, a larger type of nozzle holder is 
available. This is supplied with passages for the 
circulation of cooling fluid through the nozzle 
valve and spray tip. The sectional view shows such 
a construction, the spray tip consisting of a core 
and cooling shell which are separable for cleaning. 


Ex-Cell-O Model B, Type KB fuel injection pump. 


EX-CELL-O 


The Ex-Cell-O Corporation began the development 
of fuel injection equipment for high-speed auto- 
motive, marine, and industrial diesel engines in 
1927. This program was directed along the lines 
of developing simplified, easily serviced equipment 
for the high production types of high-speed 
engines. 


The development work resulted in a basic pump 
design for four and six cylinder engines composed 
of a number of self-contained, replaceable unit as- 
semblies. This was one of the first pumps of Amer- 
ican design placed in production in the United 
States. In addition to being entirely different from 
any previously known injection pumps, it also in- 
corporated, in later designs, speed-responsive tim- 
ing advance and torque control making the basic 
pump design suitable for any type of high-speed 
diesel engine service. Current production models 
are known as the Ex-Cell-O Model B, Type KD 
(normally used for constant speed applications) 
and Type KB (produced for variable load and 
speed requirements). 


Concurrent with the pump development program, 
efforts were directed toward the development of a 
simplified, low cost diesel nozzle. Intensive study 
indicated that an outwardly opening type pintle 
nozzle would eliminate many of the installation 
problems of the engine manufacturer and service 
problems in the field. The outwardly opening noz- 
zle design eliminates drain lines and permits the 
manufacture of a non-adjustable, self-contained 
nozzle tip that can readily be installed in the field 


Right: Ex-Cell-O's  cur- 
rent production tip and 
holder assembly. 


without any special calibration at the tim: 6} 
installation. 


The Ex-Cell-O Corporation believe that this tip 
and nozzle assembly is one of the recent outst «1d. 
ing developments in the field of fuel injection 
equipment since it is simpler and lower in cost. 
It is also believed that this basic design wil! be 
extensively used on high-speed diesel engines since 
the cost of fuel injection equipment is a major 
item in the total cost of small diesel engines. ‘This 
simplified tip and holder assembly, which permit 
a 25% saving in nozzle assembly cost to the engine 
manufacturer, is a partial solution to the problem 
of fuel injection equipment costs. 


Undoubtedly, simplified, low cost injection pumps 
will be developed in the near future and, with 
simplified nozzle and holder assemblies, will reduce 
fuel injection equipment costs so that the use of 
diesel engines will be greatly accelerated for many 
applications where it is now considered too expen. 
sive. 


Cross section of Ex-Cell-O self contained tip and holder 


assembly. 


Ex-Cell-GO Model B, Type KD fuel injection pump. 
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For many years engineers in the prime mover field have dreamed of 


the engine response actually doing the compensating in hydraulic 


eo PVEENORS governors so that hunting troubles which have been so persistently 
costly would be forever eliminated. THIS IDEAL HAS BEEN ACHIEVED. 


AUTO-COMPENSATION 
TYPE H-1 ISOCHRONOUS 
HYDRAULIC GOVERNORS 


tion pump. 


4 Dial Governor 2 Dial Governor 1 Dial Governor 


Introduced with the backing of 40 years experience in prime 
mover control. 


Write for information on Auto-Compensation 


Machine Company 
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The ancients were on the 
track of a good many of our 
modern day inventions as found 
from some of their old records 
and ruins which have survived 
the passing of the ages. 

Take, for instance, Thales of 
Miletus, one of the famed seven 
wise men of ancient Greece. He 
discovered that when he rubbed 
amber quickly, the amber then 
had the mysterious power of 
attracting paper, cloth, feathers, 
etc. Though he did not know 
it, he was witnessing one of the 


Some of the first ground work 
of our modern electrical science 
was laid by William Gilbert in 
the reign of Queen Elizabeth. 
Gilbert became fascinated by 
the peculiar properties exhib- 
ited by lode stones and com- 
pass needles and launched him- 
self into full-time research on 
magnetism. He was the first to 
discover that the earth was one 
large magnet and was respon- 
sible for the dipping of com- 
pass needles as well as their 
pointing north and south. 


Hans Christian Oersted per- 
formed the reverse of Faraday 
by producing magnetism from 
electricity. His discovery that a 
magnetic needle was deflected 
by an electric current led to his 
later discoveries. He proved 
that a conductor carrying cur- 
rent and lying at right angles to 
a magnetic field produced a 
force on the conductor. He 
also showed that a current ex- 
cites a field in surrounding 
space which produces effects on 
bodies in that field. 


Thomas Davenport was one 
contributor to modern elec- 
tricity who was not a scientist 
in the strict sense of the word. 
He was a blacksmith in Rutland, 
Vermont. His great contribu- 
tion was the invention of the 
first electric motor in 1837. 
Having nothing with which to 
insulate his wires he tore up his 
wife's wedding dress and used 
it on his conductors. 


Probably the most important 
single contribution to the de- 
velopment of electric machinery 
was made by Michael Faraday, 
who first produced electricity 
from magnetism. He discovered 
that there was a reaction be- 
tween a magnetic field and a 
current-carrying wire and, on 
this basis, was able to make a 
wire rotate around a magnet 
and vice versa. He was the 
first to induce an electric cur- 
rent from one circuit to another 
by means of coils. This, of 


phenomena of electricity which 
is so familiar today. 


GENERATORS AND DIESELS 


Electricity is older than most of us realize. Our 
modern, highly-efficient generating plants began 
dimly in the obscure mists of antiquity. We have 
records today of ancient philosophers rubbing to- 
gether amber and silk and trying to explain the 
electric charge produced. Excavations of ancient 
ruins have disclosed plates and electrodes of ele- 
mentary electric cells, showing that the civilization 
which constructed them had some idea of what 
electricity was and what it could do. 


As history rushed on, more and more gigantic 


Left to right across this spread 
are seen steps in evolution of 
E-M generators from the almost 
primitive direct current machine 
below, to the modern welded 
steel frame alternator, far right. 


intellects of science took up the demanding chal- 
lenge of electricity and began to discover its in- 
finitude of possibilities and uses. One man de- 
veloped the storage battery. Another discovered 
that the passage of current through a wire set up 
a magnetic field around the wire and so provided 
the very keystone of electrical generation. One 
brilliant scientist developed a set of equations, 
called the Maxwellian equations, upon which has 
been based much of our electrical theory, includ- 
ing radio and radar. All the implications still have 
not been developed. 


After it was discovered that the cutting of a mag- 


course, was the forerunner of 
our modern transformers. 


netic field by a wire produced a current in the 
wire, the step to rotating machinery came quickly 


First came direct current generators. Next, alter 
discovery of the effects of reversing polarity every 
cycle, came alternating current generators. Refine- 
ment after refinement has resulted in our present 
day, highly efficient machines. 


The path laid by the laborious and patient experi- 
menting of these early trail-blazers led directly to 
our Golden Age of electricity, an age where mira- 
cles are accepted as commonplace and progress is 
taken for granted. 
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Tesla was a more modern ex- 
perimenter and inventor who 
was largely responsible for the 
wide acceptance of alternating 
current. He discovered methods 
of effectively utilizing alternat- 
ing current and patented the 
first induction motor. He in- 
vented new forms of coils, con- 
densers, lamps, dynamos and 
transformers and discovered the 
principle of the rotary magnetic 
field. 


From the stupendous water and steam turbine 
generators to the various engine driven units, elec- 
trical power, measured in figures incomprehensible 
to mere human minds, is flowing in unending 
streams to the homes and factories of mankind. 
This powerful servant stands ever ready to leap 
to the service of man at his slightest wish. Never 
before in the history of the world has such power 
been at the beck and call of so many. 


A new era was opened by the diesel generator. 
Small towns and rural communities beyond the 


power lines were long without the benefits of elec- 
tric power. Now, diesel powered generators serve 
thousands of town and rural homes through REA, 
municipal and private power systems. Diesel gen- 
erators are used also to furnish power to office 
buildings, theaters, road equipment, boats, hospi- 
tals, mines and many others. Truly, the age of 
cheap power, made available to all, has dawned. 


Advances in electronics and communications have 
been far-reaching and have affected man profound. 
ly. Compare the elation of Alexander Graham 


TRUMAN HIBBARD'S career as engi and invento 
spans practically the whole era of modern electric power 
generation. He was chief engineer and consulting engi- 
neer of Electric Machinery Mfg. Co. from 1897 until 
retirement in 1945. Hibbard foresaw at the turn of the 
century the great advantages of alternating current 
power and under his leadership much of the pioneering 
and development of synchronous generators and motors 
was accomplished. 


generators to the various engine driven units, elec- 
Bell when he transmitted his voice over wire a 
distance of a few rooms to the annoyance of a 
modern man who can't reach a party two ‘thou- 
sand miles away in three minutes. Think of early 
radios which transmitted their intelligence through 
space by means of the disturbance created between 
two high voltage electrodes, then think of trans- 
mitters today whose signals blanket the earth with 
ease and have even reached the moon and back. 
Think of gigantic electronic computing machines, 
with memories, which have the uncanny ability 
to solve in a few minutes problems it would take 
human mathematicians years to answer, and 
further, to store those answers in their “brains” 
ready for recall at any time. When we compare 
these advances over the last few years to what the 
future will bring the view is staggering and almost 
awesome. 


With all these miracles man is merely availing 
himself of nature's long heritage, for isn’t elec- 
tricity inextricably linked with every aspect of 
nature, a part of nature herself? Electricity plays 
a vital part in the life processes of all living things, 
in the birth, life and growth of plants and animals. 
Even the ultimate components of all matter are 
electrical in nature-electrons, protons, etc. Quest- 
ing, curious man is boldly grasping the rich heri- 
tage, knowing that the race is to the swift and 
strong, and the rewards will enrich him beyond 
his wildest dreams, 
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Busch-Sulzer diesel and E-M generator in the Manilla Electric Light 


Plant—1915. 


The Rushville, Indiana plant with three 2700 kva. E-M generators. 


Packaged generators fulfill the need for compact power 
units that are easy to hook up and which require no 
complicated accessory apparatus. Each packaged gen- 
erator is complete with voltmeter, ammeter, and voltage 
regulator, No switchboard is necessary and only three 
connections are required for a three phase line. 


Left: A modern 1250 kva. E-M generator in the Alta, 
lowa Muncipal power plant. 


Right, below: Two E-M Packaged generators of 62.5 kva. 


each, driven by Cummins diesels. 


Two 3125 kva. E-M generators in the Dairyland Power Co- 


operative Plant, Baldwin, Wisconsin. 


It has long been a desire to perfect a voltage reguiator 
which was rugged, simple and containing no movable 
parts. This has been accomplished in the Regulectric 
generator which maintains its own output voltage at 2 
constant value within the entire load range of the gen- 
erator. The Regulectric stands as a monitor over the 
voltage it delivers, ever ready to detect and correct any 
fluctuations. The Packaged Regulectric combines ‘hese 
features with those of packaged power, containing com- 
plete in one unit the Regulectric, the metering sy:tem, 
and the control board. 
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Predecessor of present-day Elliott generators, 
of 1912. 


ELLIOTT 
The Ridgway Division of Elliott Company began 
in 1892, in the early pioneering days of electrical 
manufacturing, as the J. H. McEwen Manufactur- 
ing Company. Here was developed the first com- 
mercially successful compensated wound DC gen- 
erator, known for many years as the “Thomson- 
Ryan compensated generator.” Many of these gen- 
erators with steam engine drive, were made for 
coal mines, street railway power, and street light- 
ing. .. . In 1897 the com- 
pany was reorganized as 
the Ridgway Dynamo 
and Engine Company, 
and during the first dec- 
ade of the twentieth cen- 
tury entered the alternat- 
ing-current field, adding 
to the line of electrical 
products induction and 
synchronous motors, var- 
iable speed DC motors, 
motor generator sets, and 
AC generators. During 
World War I the com- 
pensated winding as de- 
veloped at Ridgway, was 
applied to submarine gen- 
erators and propulsion 
motors, and has now become standard for this 
service. On January 1, 1927 the Ridgway Dynamo 
ani Engine Company became the Ridgway Di- 
vision of the Elliott Company. Immediately a 
prozram of complete modernization was begun in 
bot! plant facilities and products. During the past 
twenty years the Elliott Company has manufac- 


Elliott induction type electro-magnetic air gap coupling—the first one 


a Ridgeway dynamo 


Modern "Fabri-Steel" generator as manufactured by 
Elliott 


used in this country. 


4... 


tured rotating electrical equipment for use on sea 
as well as land, in power generation for industrials 
and utilities, and in motor application for indus- 


tries and manufactures. 


Elliott Company made the first successful installa- 
tion of electro-magnetic slip couplings on diesel 
ship propulsion in 1938. Since then Elliott has 
applied these couplings to well over half a mil- 
lion horsepower of diesel marine drives. 


TURBOCHARGER 
About 1934, the Buchi 
system of turbocharging 
made its appearance in 
the United States. Early 
tests were conducted by 
the Cooper-Bessemer Cor- 
poration with subsequent 
tests by Enterprise En- 
gine & Foundry Company 
and the American Loco- 
motive Company using 
Brown-Boveri turbo- 
chargers. In 1939, Ameri- 
can Locomotive Com- 
pany obtained a license 
to build and equip its 
diesel engines with turbo- 
chargers. This led other builders to seek a source 
of supply for their turbochargers, and, in view of 
their broad experience in manufacturing steam 
turbine and high-speed centrifugal blowers, the 
Elliott Company, in 1940, acquired the patent 
rights to supply turbochargers for the Buchi system 
of turbocharging four-cycle diesel engines in sizes 


Elliott generator with belted exciter, driven by a De La Vergne diesel, in 


service since 


Elliott-Buchi turbocharger sectionalized to show the tur- 
bine and centrifugal blower. 


Elliott magnetic air gap coupling driving and driven 
members as manufactured today. 


Typical Elliott-Buchi turbocharger installation on Cooper-Bessemer 


diesel. 
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above 250 hp. for stationary, marine and railroad 


service. Rapid advancement in the application ol 
this system of turbocharging has taken place since 


that time. 


Elhott-Buchi turbochargers have been applied to 
19 different makes of four-cycle diesel engines made 
in the United States. Elliott has sold some 3,000 
turbochargers, for a total of 3,000,000 hp., since 
they entered this business in 1940. ‘They are 
installed in marine, rail and stationary plants. 


STARTING AIR COMPRESSORS 


In keeping with the tremendous strides made by 
the diesel industry during the last half century, 
the Quincy Compressor Co., Quincy, Illinois, has 
contributed a number of new developments. As 
many diesel engines require compressed air for 
starting, it was a natural step for Quincy to build 
special c>mpressor units to provide starting air 
supply; compressors that are suitable for pressures 
up to 500 Ibs. per sq. inch. 


The air compressor was often mounted as an 
integral part of the diesel contributing to the 
exterior appearance as well as the function of the 
engine. With this thought in mind and faced with 
similar mounting jobs on other types of equip- 
ment, the Quincy Compressor Co. was the first to 
have an industrial designer style the compressor. 
Emphasis was placed on producing a compressor 
that would have modern appearance combined 
with improved operating efficiency. The modern 


The Quincy starting air compressor features modern 
functional design. 


cooling fins on Quincy compressors increased cool- 
ing area 12°). This contributed to greatly in- 


creased over-all efficiency. 


Another improvement pioneered by Quincy was 
patented Loadless Starting. This device keeps the 
compressor unloaded until motor has reached full 
load speed, preventing burned out motors and 
belts. Other contributions to dependable air sup- 
ply include the use of copper finned alter-coolers, 
‘Timken bearings, automotive type pistons and 


L.ynite connecting rods. 


Quincy Compressor developments have kept pace 
with the remarkable growth of the diesel industry 
and many of the diesel engine manufacturers 
utilize Quincy Compressors as a source of air sup- 


ply for their equipment. 


PISTON RING DEVELOPMENT 
FOR DIESEL ENGINES 
When diesel engines reached the stage in their 
development where they were practical for auto- 
motive or locomotive applications, the need for 


improved piston rings became urgently apparent. 


The diesel engine posed two major problems to 
the piston ring engineers. A large proportion of 
the early diesels were used in construction equip- 
ment. The engines were, therefore, operated in 
extremely dirty and dusty conditions. A lot of this 
dirt and dust found its way into the engines and 
created excessive wear of the rings and cylinders. 
Also, the high compression and combustion pres- 
sures probably increased the tendency of the 
rings to scuff. 


The first contribution of the Perfect Circle engi- 
neers was the development of an alloyed cast iron. 
This patented alloy was called M-Alloy because 
of its martensitic structure. The martensitic iron 
has much improved wear resistance as well as less 
tendency to scuff. M-Alloy also has higher heat 
stability—a valuable quality because of the inher- 
ently high piston temperatures in diesel engines. 


Ferrox was the next Perfect Circle contribution. 
Ferrox is a black, magnetic iron oxide that is pro- 
duced upon the surface of the ring. This oxide 
coating greatly reduces the tendency of the rings 
to sculf—especially during the break-in period. 


Perfect Circle B Compression rings after 793,63! miles of service in locomotive diesel engine. 


At the present time chromium plated rings are 
being produced for applications where the dic sels 
are subjected to dirty operating conditions (nd 
there is danger of abrasive wear. Chromium pate 
proved itself in aircraft and tank engines in the 
dusts of the African deserts during the war. ‘| his 
proved resistance to abrasive wear could not be 


overlooked in the improvement of diesel rings 


Concurrent with the development of chromium 
plated rings was the development of a special com. 
pression ring for the two cycle type of diesel which 
is popular for locomotive applications. Because 
the rings must pass the ports in the cylinders of 
this engine, compression ring scuffing was a special 
problem. Although Ferrox and the alloyed mate 
rial had increased the lile of the rings from 190.000 
miles expectancy to 300,000 miles, the Perfect 
Circle engineers were not satisfied. They at length 
developed the Perfect Circle B-Compression ring 
which has increased the life expectancy of the 
compression rings in two cycle locomotive diesels 
to 750,000 miles. 


In addition to being alloved and Ferroxed, the 
B-Compression ring has a grooved face, the grooves 


being filled with powdered Ferrox held by a suit 


Pedrick oil control ring used in high speed diesels has 
double scraper edge and expander spring. 


Cross section of B-Compression ring showing grooves 
filled with Ferrox. 
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able binder. The grooves in the ring face pro- 
vide an interrupted surface which is more scuft 
resistant than plain face rings. Empty grooves, 
however, result in high oil consumption, The 
Ferrox filling eliminates the oil consumption prob- 
lem without destroying the advantages of the inter- 
rupted surface. The Ferrox in the grooves also 
aids in preventing scuffing as well as “heals” in- 
cipient scuffs on the cylinder walls. Some of the 
larger rings of this type are made from centrifugal 
castings to insure a uniform, dense metallurgical 


structure, 


The accompanying photograph shows rings that 
were removed from the engine of a diesel-electric 
locomotive after 793.631 miles of service. There 
were no scuff marks on the rings, and only one 
ring showed one spot where the grooved face had 


been worn away. 


The photo shows the Pedrick oil control ring 
made by Wilkening for the General Motors series 
71 engines. It is a double scraper with a spring 
behind it to give proper pressure against the 
cylinder wall. 


These and other types of piston rings have been 
developed to meet diesel engine requirements. As 
the speeds and outputs of diesels has increased, 
so have the ring requirements. And _ increased 
emphasis has been given to rings with long wear- 
ing life in service with resulting lowered cost and 


reduced frequency of maintenance attention. 
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AIR-MAZE 
‘This company was one of the early proponents of 
“positive” crankcase ventilation for diesel engines. 
Seventeen years ago, Air-Maze engineers were 
asked by the Winton Engine Company (now 
Cleveland Diesel Division, General Motors Cor- 
poration) to develop an oil separating device that 
would permit crankcase gases to be returned to 
the engine’s air induction system. ‘Today, Air 
Mave oil separators are standard equipment on 
thousands of diesels—engines built by many of the 
country’s leading engine builders. Oil entrain- 
ment in the gas not only caused serious loss ol 
lubricating oil, but the possibility of oil accumula 
tion in the air box presented the constant hazard 
of a “run-away” engine. At the same time, the 
air intake offered a dependable and constant 
draw-off point for engine blow-by, thus reducing 
crankcase pressure, ¢climinating fumes and greatly 


reducing crankcase explosion possibility. 


Air-Maze also was one of the pioncers in the 
development of filter-silencers for turbo-super 
charged diesel engines. As a result, operators are 
enabled to secure both silencing and filtration of 


intake air in small space. 


In addition to oil separators, the company manu- 
factures a complete line of oil bath filters, silencers, 
breather filters, and a recently announced line of 
all metal, cleanable “full-flow” type oil and fuel 


filters. 


During the early days, diesel engine operators 
were forced to seek a way to subdue the trouble- 
some noise, which the engines produced along 


with useful power. 


Acoustical experts pulled every trick out of their 
scientific bag, and met with some success. For 
some installations, their theories proved to be 
right the first time. Often they proved wrong. 


Left: Group of Air Maze oil bath intake air filters at an 
Illinois pipe line pumping station. 


Turbocharged Cooper Bessemer diesel fitted with Air 
Maze intake-silencer, seen left above generator. 


Alter a long, baifling struggle with the problems 
of the exhaust pipe, the acoustical experts began 
to realize that the exhaust system was an integral 
part of the engine, as important to silencing as 
the engine speed or the size of its exhaust port. 
he first step in this study was a visualization of 
the conditions of flow in a dynamic system, such 
as the exhaust system. ‘The next step leading to 
a better understanding of exhaust phenomena was 
the realization that the gas behind the wave front, 
which shot from the scavenging cylinder, propa 
gated itself along the pipe with the velocity of 
sound under the same conditions of temperature 


and pressure, 


= 
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Sectionalized view of Air Maze full flow 
oil filter 


The Air Maze combination oil bath filter 
and silencer. 
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Further investigation revealed a standing pattern 
of pressures which appeared along the pipe when 
the engine was running at a constant speed, but 
since this standing pattern could not be perma- 
nent, no one knew where to locate the exhaust 
silencer in the pipe line. 


With these fundamentals in mind, the acoustical 
experts began to learn what they did not know. 


When the engineers realized that their problem 
was no longer acoustical, the problem of silencing 
suddenly looked like a problem in hydrokinemat- 
ics, with the actual noise to be treated as a symp- 
tom, not a basic cause. 


Once this new approach to the problem of ex- 
haust quieting was mastered, the old acoustical 
theory was set aside. Years of work accumulated 
before some of the answers were obtained. Fven 
after the new exhaust quieting units were intro- 
duced, many changes took place to fit them better 
to the needs of the engines on which they oper- 
ated. The new “Snubbers,” introduced hy the 
late Dr. C. F. Burgess, were completely different 
from the old “mufflers” in their theory of opera- 
tion and the methods of their application. The 
old units worked on acoustic principles; the new 
ones do nothing more than smooth the gas flow. 


The satisfactory operation of this new Snubber 
was as amazing as its small size. While it had been 
constructed on the principle of smoothing exhaust 
flow, it fulfilled the original design objective by 
producing the desired quiet exhaust. 


Now a new challenge comes over the horizon. We 
know the diesel engine to be the most efficient 
prime mover, but there is still room for progress 
in exhaust system design. What about the exhaust 
manifold of two-stroke-cycle engines? What about 
the carbon that appears in the intake system? 
Should it be ignored or should something be done 
about it—something practical? We realize that the 
exhaust and intake systems of two-stroke-cycle en- 
gines are “dynamically” coupled through the en- 
gine cylinders. We recognize the exhaust and in- 
take to be integral parts of the engine. Why not 
put the dynamic possibilities to work for greater 
efficiency? 


PUROLATOR 


About twenty-five years ago this company tackled 
the problems of lubricating oil and fuel oil filtra- 
tion for the diesel engine. The subject was ap- 
proached first from the laboratory standpoint. 
Diesel engines were purchased and set up :n the 
laboratory for a program of carefully conducted 
experimental and development work which was 
designed to cover the problems found in the field. 
While all of this took time and money, it gave 
the basis for filters which could be offered to the 
diesel engine builders for maintaining the desired 
cleanliness in their fuels and lubricating oils. 


Many improvements in the filters have come since, 
but the original methods of approach to the filtra- 
tion problems of diesels have continued to the 
present time. 


Alternating pressures near exhaust port of four cycle 
test engine under full load with no silencer. 


Alternating pressures near exhaust port of 4-cycle test 
engine under full load with Burgess snubber. 


Right: Nugent depth type pressure liquid 
ter. 
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Cutaway view showing construction of Burgess exhaust snubber. 


NUGENT 


Diesel engine development has set a rapid pace, 


ushering in peculiar filtering problems unequalled 
by any other engine designed heretofore. In the 
latter. Nugent engineers have played an important 
part. Wm. W. Nugent & Co., Inc., established in 
1897, entered the lubrication field with a Crankpin 
Oiling Device. This was followed shortly by a 
series of designs in Sight Feed Valves, Telescopic 
Oiling Devices for Crosshead Pins, etc. The prob- 
lem of salvaging lubricating oil was, during this 
period, becoming an important factor, therefore 
was seriously studied from an economical stand- 


point. 


Nugent designed and developed a complete line 
of Gravity Type Oil Filters, which had subsequent- 
ly been applied to gas and diesel engine lubri- 
cating systems. Many Nugent gravity filters were 
placed in diesel and gas engine service during 
these years through 1925. 


It was in 1925 that Wm. W. Nugent & Co. brought 
out an oil filter of the pressure-gravity combina- 
tion. More oil was passed through the bags and 
a greater amount of carbon could be removed 
from the oil, resulting in cleaner oil. 


As diesel engine speeds were increased, resulting 
in higher oil temperatures, larger quantities o! 
carbon were formed per horsepower hour. Main- 
taining clean oil under these conditions required 
filters too large and bulky to be economically in- 
stalled and maintained. Until 1928 the semi-pres- 
sure filter had been very popular in stationary 
plants as well as on the railroads. 


Although the pressure type filter was known ‘. 
and used by, Nugent as early as 1905 it was not 
until 1923 when the first such filter became proc 
tical. The full-pressure, full-flow filter, designed 
in 1928 was a radical improvement. It still «<- 
hered to the bag principle, but was designed in 
such manner that a large filtering area was avail- 
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ypical installation of Nugent fuel and lube filters on 


C SUCTION 
“IRTY OIL TO FILTER 


diesel engine. 


Alnor multi-point pyrometer for switchboard mounting. 


able in a comparatively small space. 


This feature was particularly welcome to diesel 
locomotive builders and operators. This pressure 
filter was first installed in a locomotive powered 
by an Ingersoll-Rand diesel. Diesel fuel contami- 
nation through various indirect causes and clogged 
injec tors or moisture in the fuel have caused many 
worries until this filter was adopted. 


Whon the hue and cry arose to restore color of 
dies-l lubricating oils, in spite of the fact that 
some of the best oils are extremely muddy looking, 
Nug nt engineers had developed the absorbent 
‘ypc pressure oil filter, deviating from the bag 
principle and sacrificing full flow filtration. 
Hand-packed cotton waste, or a “Throway” cart- 
tidg- of cotton waste or cellulose can be used in 
these filters. The cellulose cartridge has the ad- 
Vantage of uniform structure from end to end, 
increasing im density toward the center. Due to 
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Th's dated view shows that Nugent was early in the 


engine lubricating oil filter field. 


Alnor dial type, four point pyrometer. 


Me 


the heavy thickness “depth” of the filtering media, 
it was necessary to resort to partial or bleed-off 
filtration which took only 10% to 20% of the 
diesel engine lube oil pump capacity. For 2-cycle 
engines it was necessary to filter approximately 
20% of the pump capacity, whereas on 4-cycle 
engines 10% to 15% was sufficient to remove the 
carbon from the oil as it was being formed. 


In 1936 many improvements were made and the 
absorbent type filter was then properly introduced 
to diesel engine designers and operators. This 
filter has been popularly adopted by many of 
the engine builders in this country, and three of 
the leading locomotive builders have standardized 
on the Nugent absorbent depth cartridge type 
filters for both fuel and lubricating oil. 


Diesel engines driving pumps on gas and oil pipe 
lines are also protected by Nugent pressure filters. 
Many Nugent filters are being shipped to various 
parts of the world by engine builders. 


WINSLOW 


The quality and condition of fuels and lubricating 
oils are just as important to the efficient perform- 
ance of diesel engines as the design or construction 


of the engines themselves. It is also commonly 
accepted that these petroleum products should be 
kept as clean as possible, and that only the use 
of adequate filtration will offer protection against 
dirt, grit, sludge, acid and other injurious foreign 
substances. Tribute is paid to a small group of 
men who have struggled persistently over a period 
ot many years to give these truths the acceptance 
that they now enjoy. One of these is Charles A. 
Winslow, founder and president of Winslow Engi- 
neering Company. 


Mr. Winslow was one of the most outspoken advo- 
cates of the practice of using full-flow filtration, 
wherein all of the oil passing through bearings 
and engine parts is completely filtered and no 
abrasives are permitted to circulate through mov- 
ing parts of the engine. 


Mr. Winslow elaborates on fuel oil filtration in the 
following extract from one of his technical papers: 


“The primary function of fuel filters,” he declares, 
“is to prevent grit, abrasives, gum, varnish, etc., 
from passing from the fuel oil supply to the deli- 
cate parts of the fuel nozzles. The filter should be 
relatively simple to clean, large in area and possess 
the ability to remove any deleterious substances 
which might damage the injection equipment or 
spray nozzles. Considering the first cost of such 
equipment, plus the cost of shutdown, as com- 
pared to the cost of an adequate fuel filtering 
system, it is easy to realize that the best investment 
that any diesel engine owner or operator could 
provide for continuous uninterrupted _ service 
would be the best fuel filtering system that could 
possibly be devised and obtained.” 


PYROMETERS 


In all diesel installations, a constant watch on 
exhaust temperatures not only gives the oper- 
ating engineer a guide to continued high-efficiency 
operation, but a safe warning in advance of trou- 
bles due to overloads, faulty adjustments, or the 
need for routine maintenance. 


Of the three essential temperature measurements 
in diesel engine operation: 1. cooling water, 2. 
lubricating oil, and 3. exhaust temperatures of 
each cylinder, the latter is perhaps the most im- 


Switchboard in the Namm Store, Brooklyn, N, Y., with 
two Alnor pyrometers, seen right below swing panel. 


Age 
ae 
= 
f 


Atlas Imperial marine diesel with engine-mounted panel carrying gages, 
Alnor pyrometer, center and Weston tachometer, top. 


Instrument panel on a Nordberg Maritime Commission ship with Alnor 


pyrometer, center. 


portant with respect to overall performance and 
operating characteristics. The pyrometer provides 
a quick check of every adjustment; any departure 
from normal operation is indicated at once; while 
routine logging of temperatures gives the operator 
prompt warning so that immediate steps can be 
taken to correct the difficulty. 


“ALNOR” AND THE DIESEL 
ENGINE INDUSTRY 


For more than a quarter of a century, the Illinois 
Testing Laboratories has been associated with the 
diesel engine industry. “Alnor” Pyrometers are 
commonly seen in municipal power and light 
plants, pumping stations, diesel-electric locomo- 
tives, switch engines, motorships, excavators, 
dredges, tug boats, ferry boats, pleasure craft. gov- 
ernment cutters, buses, racing cars, trucks, in fact 
wherever else diesel engines are used. 


“Alnor” has played .an important part in the actual 
construction of diesel engines, as enumerated 
below: 


1. “Alnor” makes Dew Point Indicators which are 
used on controlled atmosphere furnaces used by 
many diesel engine manufacturers in the heat 
treatment of parts and tools. 


2. “Alnor” makes Velometers which are used for 
measuring air velocities. The principal applica- 
tion in diesel engine manufacturing plants is for 
balancing heating, ventilating, exhaust or air con- 
ditioning systems. 


Diagram of the Vapor Phase Unit. 


VAPOR PHASE 
UNIT 


Alnor Pyrocon for measuring surface temperatures. 


3. “Alnor” makes the PyroLance—an instrument 
for closely watching the temperature of moltcn 
non-ferrous metals. ‘This instrument has proven 
to be of value in the foundries of many die-<! 
engine manufacturers. 


4. “Alnor” makes the Pyrocon. This instrument 
was designed for measuring surface temperatures. 
It is being used by many diesel engine manufac- 
turers for accurately watching various metal fabri- 
cating processes in their plants and for experi- 


mental studies. 


5. “Alnor” makes Temperature Controllers for 
acurately controlling furnace temperatures or for 
ovens or other applications where close control of 


temperatures is impor tant. 


6. “Alnor” makes Electrical Resistance Thermom- 
eters. These instruments are used for measuring 
oil, water, and air temperatures at remote loca- 
tions. For example, the engineer in charge of 
heating a plant can tell the temperature of 60 or 
more different locations in the building by merely 
turning a switch knob on an instrument mounted 
on his desk. 


VAPOR PHASE 
The “Vapor Phase” unit, as developed by Engi- 
neering Controls, Inc., is a means of removing 
waste heat from an internal combustion engine. 
The illustration depicts one of many functional 
installations to which “Vapor Phase’ may _ be 


adapted. 


The cooling water is circulated by the engine 
pump (F) from the “Vapor Phase” unit through 
the engine jackets (G). The heat rejected from 
the process of combustion and friction are then 
picked up by the water and carried back to the 
“Vapor Phase” unit through line (H) to (B) where 
the separation of steam and water takes place. The 
steam is then passed through line (A) to a con- 
denser or process. ‘The separated water (not steam) 
is placed into the engine through line (E). Con- 
densate from the condenser or process is returned 
into the “Vapor Phase” unit through line (I). 


Since all the engine jacket water circulates with 
out any intentional cooling inside the engine. it 
quickly reaches a constant stabilized temperature 
throughout, regardless of the ambient temperature 
or the amount of engine horsepower output. No 
control of any kind is required to maintain this 
constant temperature, as the natural law of ebuli- 


tion is the controlling factor. 


“Vapor Phase” systems are completely closed | cx- 
cept for specially designed air vent), thus no ‘oss 
of coolant can occur except that from leaks oc ur 
ring in the pump packing and line joints. {he 
water level gauge (D) and make-up valve (C) are 
vrovided to maintain proper operating water levels 
under all conditoins. 


By holding a pressure within the “Vapor Phuse" 
unit, engines may be operated at any elevation 
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above sea level without the temperature of the 
engine jackets falling below the dew point. Where 
the sicam is not used, it is condensed. 


SCAVENGING BLOWERS 


With the growing popularity of two cycle diesel 
engines, the question of the proper scavenging 
blower for each application becomes important. 
For variable speed engines with the blower driven 
by the engine, the Rotary Positive Displacement 
type has the inherent characteristic of delivering 
air in proportion to the speed of operation, so that 
the volume of air matches the need of the engine 
at any speed. The pressure built up by the blower 
balances the resistance to flow of air through the 
engine ports, consequently no power is wasted in 
developing excess pressure beyond that required. 


These blowers operate efficiently at moderate 
speeds which are usually from one to three times 
the engine speed. ‘This permits simple and reliable 
driving from the engine through a step up gear, 
“V" belt or chain drive. 


The Roots type Rotary Positive Displacement 
Blower originated in the Roots-Connersville organ- 
ization. With a variety of speed and pressure and 
mounting applications, different impellers are de- 
sirable. The Roots-Connersville Blower Corp. fur- 
nishes the impeller design most desirable for the 
duty imposed upon it. The performance can be 
accurately forecast. In cases where there may be 
an advantage in taking the power for scavenging 
from a separate source, rather than the diesel 
engine in which it is to be used, the rotary positive 
displacement blower may be direct connected to 
a small diesel engine or moderate speed motor. 
Roots-Connersville rotary positive displacement 
blowers for adaptation to diesel application range 
in capacity from 2000 cfm. to 20,000 cfm. The 
company also builds many blowers designed to 
meet specific engine requirements as to blower 
mounting, drive, speed, pressure, arrangement of 
inlet and outlet, etc. 


TOCCO HARDENING 


The Ohio Crankshaft Company has developed a 
process of induction hardening which has been 
applied to many steel parts of diesel engines. By 
using a high frequency electric current, the sur 
face of the part is heated to the proper tempera- 
ture ind then quenched. The result is a surface 
hardening of the piece and the soft ductile core is 
retained. There is greater strength and greater 


wear bility. 


The process has been used for the crankpins anc 
main journals of crankshafts, and for many lesse: 
engine parts and pieces. The photograph shows 
a group of parts on Cooper Bessemer engine: 
whic!) are Tocco hardened. It illustrates the Ga. 
versit. of application of this process. There a.. 
wrist pins, cams, gears, valve gear push pins anc 
their sockets, ueedle valves and bolt nuts. 


Proot of increased wearability are records of 250,- 
000 miles in trucks and over a million miles in 
locomotives and yet the wear on the crankshaft 
pin and journal surfaces was inappreciable. 
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Side-mounted Roots-Connersville 11,000 cfm. scav- 
enging blower on —- direct reversing marine 
iesel. 


— 


— 


Roots-Connersville centrifugal blower of 16,000 cfm. 
capacity. 


Two Roots-Connersville 20,000 cfm. positive displacement blowers at Tallman's Island, New York. 


ENGINE VALVES 


Ten years ago Thompson Products, Inc., of Cleve- 
land, Ohio, established a West Coast plant at Bell, 
California. ‘Today, this plant manufactures a 
wider range of poppet valves than the 40 year old 
parent plant at Cleveland, shipping engine valves, 
seat inserts, valve guides and connecting rod bolts 
to engine manufacturers as far east as New Eng- 
land and to several foreign countries. In fact, 
more thon half the West Coast plant production 
is shipped regularly east of the Mississippi. 


Group of Tocco-hardened parts used in Cooper 


Thompson's West Coast plant has a well-equipped 
laboratory to test materials and try new designs. 
It designed and built its own electrical-hydraulic 
gathering machine for controlling internal grain 
structure in engine valves. 


PARKER TUBE FITTINGS 


One of the items that has helped in piping diesel 
engines is the use of tubing connected with such 


joints as the Parker fittings. 
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TO FIT THE ENGINE... 
Our Business Stace 1891 


BUILDING GENERATORS 


> Burke Type wo, DC Generator Bude Diesel te Sate a. nee Generator Driven by WB Burke 30 kw,DC Generator Driven by 


Driven Cummins Diesel. 
®# Burke 40 kw, DC Marine Type Generator. ® Burke 150 kw, 450 RPM — DC Generator for Burke 30 kw,DC Generator Driven by 
Morevies Engine. 


Marine Diesel cage Drive. 


Encine builders find Burke a dependable source for specially built generators. Hundreds of 
Burke generators are teamed up with leading enginesto produce efficient power units for the job. 
Burke as one of the oldest and largest independent builders of AC & DC generators has over 
55 years of specialized experience in this field. When you purchase an engine - generator 
unit, make sure your generator measures up to the engine you select — ask for Burke 
generator recommendations, for it’s our business to design ond build the best generator for 
the engine of your choice. 


For a description of the complete Burke line of AC and DC motors and genera- 
tors, consult Sweet's Engineering catalogs or Electrical Buyers Reference catalog. 


BURKE MANUFACTURES 


Universal Motors 1/50 to 1-1/2 HP. D. C. Motors to 1,500 HP. 
Capacitor Motors Concentrating on 2 sizes D. C. Generators to 1,000 KW. 
1/4 and 1/3 HP. M-G Sets to 1,000 KW. 
Induction Motors to 1,500 HP. High Cycle M-G Sets 6.25, 12.5, 25, 37.5, 
Synchronous Motors to 1,500 HP. 50, 62.5 and 75 KVA. 
Synchronous Generators to ‘1,000 KW. Terminal Blocks in 10 Styles. 
Write for Condensed Catalog to, 


BURKE ELECTRIC COMPANY 885 West 12th St., Erie, Penna. 


K E A.C.& D.C. Motors & Generators 


BURKE ELECTRIC PENNSYLWANIA Sug 1891 
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PUMP VALVE UNITS 


ARE STANDARD EQUIPMENT 
ON CLARK MARINE DIESELS... 


Clark heavy duty marine Diesel Engines 
have, since the inception of this import- 
ant design, utilized DURABLA PUMP 
VALVE UNITS in the built-in cooling 
water circulating pump. DURABLA valve 
units are installed in the pumps on Clark 
Marine Diesels supplied for U.S. Army S. 
T. Harbor Tugs, and many other installa- 
tions are in equally essential postwar 
service. 


From the pump valve standpoint, Diesel 
cooling water pumps represent a “tough” 
service. This is due to the high speeds 
needed in small pumps to supply the large 
volumes of cooling water required in con- 
tinuous merine service, and the resulting 
high liquid velocity through the valves. 
DURABLA PUMP VALVE UNITS provide 
efficient and long time performance in all 
Diesel applications. 


Clark Marine 
Diesel Engine 
Type MD. 


Address DURABLA Engineering Department 
for Information and Bulletin: Reference 8P5 


* Patent Numbers 2090486, 2117504 
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Locomotive diesel-generator unit with single bearing gen- 


erator and Thomas coupling. 


Heavy Wall Tube 
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Triple-type Parker fittings shown in standard weight, leit, 
and “Double X" extra heavy weight, right. 


The use of tubing permits the choice of material 
to suit the gas or liquid to be carried through that 
particular piping line. The thickness is deter- 
mined by the pressure. And the fittings join the 
sections of tubing. Tubing is easily bent so that 
it can be formed to suit the conditions and then a 
minimum number of joints are needed. 


To make the joint, the tubing is cut the right 
length, the open end flared, and the joint bolted. 
In the Parker joint, a flare of 30 degrees is used 
to retain a sufficiently strong grip on the tube 
and at the same time reduce the amount of the 
flare and thus the work hardening of the tubing 
to a minimum. 


The section here shows how the joint is made up. 
In addition to couplings there are tees, branch 
line connections, and screwed connection fittings 
so that almost any sort of connection required can 
be made. In addition, such fittings are offered ‘n 
several metals to satisfy the variations in mate- 
rials used for the tubing and the requirements for 
kinds of liquid and pressures. 


These fittings give a free full flow area for the 
liquid and will hold any pressure to be carried 
in the tubing. In fact tests show that the tubing 
will burst before the fitting gives way. Vibration 
has little or no effect on these joints. 


DIESEL ENGINE COUPLINGS 
The history of the Thomas Flexible Coupling goes 
back over thirty years to 1917 about the time that 
there was an increasingly widespread interest taken 
by manufacturers in developing diesel engines. 


The diesel engine field has always been a very 


Thomas single bearing type flexible 
coupling. 


fertile one for the Thomas Coupling since it drives 
like a solid coupling but has flexibility to take 
care of misalignments and free end float. Torque 
is transmitted by direct pull with the disc material 
in tension. Its torsional characteristics are definite. 
They do not change with operating conditions 
since there are no wearing parts and all parts are 
solidly bolted together. ‘There is no backlash so 
pulsating loads or reversing stresses have no effect 


on the coupling. 


Because the torsional characteristics are constant 
the Thomas Flexible Coupling can be incorporated 
into the torsional system without any danger of 
the critical speeds changing. In other words the 
engine, the coupling and the load can be calcu- 
lated to operate just under the critical speed and 
the coupling characteristic will not change due to 
wear, misalignment or variations in the elasticity 
of component parts. 


In the early days most of the diesel engines were 
large and heavy and ran at slow speeds. The 
pumps and compressors connected to them were 
also large and heavy. The couplings of necessity 
had to be large enough to accommodate the shaft 
sizes of the unit as well as to transmit the torque. 
Numbers of these units are still in operation in 
the oil pumping stations in the Southwest, in ice 
plants over the country and in mines as far north 
as the Arctic Circle and as far south as South 
Africa. Once installed corectly these couplings 
operate a lifetime without any attention. 


With the Thomas flexible coupling it is possible 
to support rotating weight on the coupling discs. 
In the case of a diesel-driven generator the gen- 
erator need have only one outboard bearing. One- 
half the weight of the rotor will be carried by this 
bearing and the other half is carried through the 
‘Fhomas coupling to the first bearing on the en- 
gine. Over ten million horsepower in couplings 
of this type have been made by Thomas and are 
still operating. 


The more recent development in diesel engines 
is of course to increase the economy and lower 
the initial cost. This has resulted in higher speeds 
and lighter weights. Coupling sizes can therefore 
be smaller but now another factor becomes more 
prominent. Critical speeds have to be watched 
more closely. A real problem presents itself to 


Thomas medium and low 
speed heavy duty flexible 


Thomas high speed heavy 
duty coupling. 


coupling. 


the diesel engine manufacturer who wishes to 
make a standard line of engines for driving a mis- 
cellaneous assortment of generators, pumps, or 
compressors. Each unit connected to the engine 
has its own torsional characteristic, which, when 
combined with that of the coupling and the engine 
gives a system that probably will have a different 


critical speed. 


Iii marine work the diesel engine is making ex. 
ceedingly rapid progress. Here again is the prob- 
lem of a ilexible connection between the engine 
and the stub shaft. For those installations where 
the engine has the same speed as the propeller 
the floating shaft type of Thomas Flexible 
Coupling is the ideal solution. The floating shaft 
is supported by the flexible discs which are solidly 
bolted to the flanges at alternate points. This 
maintains the concentricity of the floating shaft 
and therefore is in balance at all times regardless 
of what the misalignment may be. By placing the 
flexible disc rings as far apart as possible, a maxi- 
mum amount of misalignment can be accommo- 
dated. Installations have been operating over six 
years where the floating shafts (tubes 12 in. to 14 
in. in diameter) approximately 20 feet long trans- 
mitting 1000 to 1500 hp. each have withstood th« 
most severe service on pusher type towboats in 
the Columbia River rapids. 


Twenty large diesel engines built by Nordberg 
are coupled with Thomas flexible couplings to 
speed reduction gears for ship propulsion. Thomas 
couplings are approved by American Bureau of 
Shipping and British Lloyds for ship propulsion. 
All of the submarines equipped with Fairbanks, 
Morse O-P diesel engines are coupled to the main 
generator with a single type Thomas coupling that 
carrics one-half the weight of the rotor. 


In marine work, if the thrust bearing is incor} 0- 
rated in the engine then the flexible coupling must 
be designed to take this thrust both in forwerd 
and reverse. This is a difficult thing to do if such 
objectionable features as pilot bearings, wearing 
parts and lubrication are to be avoided. 11 hie 
Thomas Flexible Coupling Company has bccn 
supplying during the past four or five years a new 
type of coupling called the “SM” type capable of 
taking thrust in both directions, which is adapta »le 
to the drives in many fishing boats. 
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Thomas high speed floating shaft type flexible coupling. 


Thomas medium and low speed floating shaft type flexible coupling. 


This new product tor use in the marine field is a 
Thomas flexible coupling which adequately ho 

dies the full propeller thrust load to the unc 
bearing in the engine or gear reduction unit. 
When properly installed, this coupling materially 
reduces the stresses in the propeller shafting, 
steady bearing, stern tube, engine crankshaft and 


sear reduction unit. 


The coupling is installed immediately after the 
engine flywheel or reversing and reduction gear 
unit whatever the case may be. A free unsupported 
length of shafting equal to 30 to 45 shaft diameters 
must be provided between the flexible element 
of the coupling and the first steady bearing or 
stern tube bearing. 


The use of this flexible coupling separates the 
shafting from the engine at the point where the 
coupling is used. Hence it is impossible to trans- 
mit the bending stresses from the propeller shaft 
to the engine crankshaft or gear reduction output 
shaft and their adjacent bearings. 


Many marine auxiliaries use cither the Thomas 


single or the standard double engagement 
(oupling, thus providing an all metal coupling 
with stainless steel discs, which ensures trouble 


free operation so necessary in marine work. 


For diesel locomotives, special Thomas couplings 
were developed for compressor drives. This drive 
takes off at the end of the main power unit. These 
are difhcult drives because of the power and load 
impulses on both sides of the coupling and the 
fact that the speeds are from zero to a maximum 
thus running through several minor criticals. V 
belt drives are incorporated on one of the flanges 
and the center ring is constructed with a remov- 
able ring which enables the V belts to be replaced. 
The main generator on the Fairbanks Morse loco- 
motive is coupled to the engine through a Thomas 
‘ingle type coupling the same as on the submarine 
powcr plant. 


For iuxiliary drives in diesel locomotives the 
Thomas single type coupling is used with an out- 
boar! bearing to provide a jackshaft on which 
pulle.s and other power take offs are mounted. 


The whole development of diesel engines has 
been accompanied by coresponding developments 


MAY 


in Thomas flexible couplings. 


MARINE REVERSE GEARS 


The story of the history and development of the 
diesel engine would not be complete without men- 
tion of the “gears” which become part of the 
power package when applied in the marine field. 


Western Gear Works and its afhliate plant Pacific 
Gear & ‘Tool Works, have pioneerd in many out- 
standing marine gear developments for diesel 
driven boats. The Pacific-Western line includes 
the Western Marine Reverse and Reduction Gear 
which is supplied in a complete range of standard 
sizes rated from 50 to 500 horsepower and in 
ratios of from 114:1 to 4:1, with larger sizes on 
special order. 


The Western Gear Works has developed a_prac- 
tical, compact application of hydraulically oper- 
ated clutches in a complete line of marine reverse 
and reduction gears. The advantage derived from 
hydraulically operated clutches is the provision 
of practically effortless fingertip control. Other 
features of the Western Marine Gear line are as 
follows: 


1. Continuously running gearing providing four 
| 
power take-offs for the operation of various deck 


auxiliaries and engine room machinery. 


2. Automatic low oil level protection with power 


cut-off” to prevent damage to the gear unit from 
lack of lubrication. 


3. Boats using twin screws may have right and 
left hand turning propellers with two right hand 
engines, the Western Marine Gear being capable 
of sustaining full power in either direction. 


4. Compact, space-saving design, with only two 
shafts in addition to the input pinion assembly. 


5. The incorporation of a direct gear driven oil 
pump inside the case eliminating all outside oil 
lines. Being submerged at all times, the pump de- 
livers constant oil pressure. 


Remote control levers may be installed at any 
desired point throughout the boat. Hydraulically 
operated clutches eliminate the need for mechani- 


Buda 120 hp., 1200 rpm. diesel with 3:1 Western marine 
gear. 


Cutaway view of Western marine reverse and reduction 
gear with hydraulically-actuated clutch. 


Western marine gear with provisions for 4 power take- 
offs. 


cal linkages. The clutches are engaged by hydraulic 
pressure, the shifting lever merely actuating a 


control valve. 


MARINE REDUCTION GEARS 


After many years of research, development and 
testing, Pacific-Western engineers are producing 
spiral bevel planetary reduction gears for use with 
diesel engines. The first commercial application 
of this type was installed several years ago aboard 
the Sherry Ann, claimed to be the fastest wooden 
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Your VELOPES meet 
plenty Competition 


Sometimes it’s a high-powered group that meets on the boss’ desk. / 
a And the envelope that catches his eye—that gets the first chance at his 4 
attention for its message—has to be good. 
: Yes, plenty of executives see the envelopes their mail comes in— f 


(59% of all executives see all envelopes—and an additional 8% 
see all unusual envelopes.*) That’s why it’s important to 
have an envelope that stands out among competition. 

| Tension knows how to make an envelope that’s a stand-out. 

| With a staf of creative artists specializing in envelope J 
design ... plus 60 years experience in envelope y 
manufacturing — Tension is equipped to supply you 


with envelopes that will get attention —first 
and favorable—for your message. 


* Figures from TIDE Direct Mail Survey. 


/ 


TRADE MARK REGISTERED 
TENSION ENVELOPE CORPORATION - New YorK 14, WN. Y., 345 HUDSON ST. ST. LOUIS 10, MO.,5001 SoUTHwesT of 
MINNEAPOLIS 1, MINN.,129 N. 2NO ST. + DES MOINES 14, IOWA, 1912 GRAND AVE. + KANSAS CITY 8, MO.,19TH & CAMPBELL STS, f 


a 


ongratulations.. . 


@ To the Diesel Industry on the occasion of its 50th Birthday. 
Tension . . . with a background of 60 years experience, 
is proud that its products play an integral part in the 
half century growth of this billion dollar industry! 
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Check these gridded bearing features 


NATIONAL BEARING assures you of all these important 
gridded bearing advantages... 


CENTRIFUGALLY CAST— improves heat trans- 
fer, gives greater fatigue strength, insures conform- 
ability in the presence of shaft deflection, and in- 
creases wall-to-wall structural strength. 

PRECISION SPACED GRIDS—centrifugally 
filled with silver babbitt metal to trap dirt particles, 
guard against shaft damage and seizure during peri- 
ods of overstress. 

LEAD BRONZE LANDS—also spaced to give 
the correct combination of structural strength, con- 
formability and embeddability. 

.002 LEAD TIN RUN IN SURFACE— increases 
resistance of bearing to corrosion and fatigue— 
helps to extend bearing life. 

N-B-M Gridded bearings, with all four of these 
features, are the answer to higiy-speed, high temp- 
erature engine operation. During sudden periods 
of overstress or lack of lubrication, some of the 
soft babbitt in the grids automatically melts and 


flows to the affected area of the bearing—shaft scor- 
ing and seizure are minimized. 

These Gridded Bearings are being applied to 
diesel engines and machine tools with outstand- 
ing results in maintenance savings —longer, more 
trouble-free service. 

No bearing application is a ‘mail order” appli- 
cation— proper alloy, design, stress loading and 
lubrication are becoming more and more complex. 
74 years of solid engineering background behind 
American Brake Shoe Research combined with 
National Bearing Division’s manufacturing skill 
insures a thorough engineering approach to each 
bearing problem —how can it be designed and 
applied?...how can it be made more efficiently ?.. 
how can quicker delivery be made to the customer? 

If you're asking the same questions about bear- 
ing problems, put this unique engineering service 
to work for vou! 


“NATIONAL BEARING DIVISION 


PLANTS IN: ST. LOUIS. MO. + MEADVILLE, PA. + NILES, OHIO 


ST.LOUIS > NEW YORK 


* PORTSMOUTH. VA. + ST. PAUL. MINN. CHICAGO, iLL. 
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Western marine gear with top half of case removed to 
show gear arrangement. 


weight, the naval architect was able to locate it 
45 feet alt of the engine in the shaft alley, thus 
gaining valuable space amidships. ‘The small size 
and light weight of the Western Marine Bevel 
Planetary Gear is gained without sacrifice of reli- 
ability and without carrying any greater loads on 
gears and bearings than in conventional reduction 
gears by utilizing the planetary gearing principle 
and distributing the imposed load over several 
tooth contacts instead of at only one contact as 


in ordinary parallel shaft gearing. 


‘The Western Bevel Planetary Reduction Gear is 
of the same basic design that has also been used 
so successfully on reduction gearing for aircraft 
engines. It is built on the principle of a planetary 
gear having two large bevel gears face to face with 


a number of pinions on a rotating spider. 


In order to develop the advantages of this type 
of gear for commercial vessels and general indus- 
trial applications, Western Gear Works began de- 
velopment of a heavy duty Bevel Planetary Unit 
in 1942. The manufacture and testing of the first 
production unit was completed in 1945 and was 
installed by the Western Boat Building Company 
in the Sherry Ann. The unit has its own built-in 
lube oil pump and water jacketed case, the only 
external accessories being the heat exchanger and 
oil pressure gauge. A low pressure alarm is carried 
to the engine room control panel. This unit has 
a reduction ratio of 2:1, and a continuous output 
torque rating of 228,000 inch pounds. Weight of 
the complete unit is less than 4500 pounds. Units 
of this type can be supplied in ratios between the 


limits of 1.7:1 and 2.5:1. 


\ll gears in the Western Bevel Planetary are 
curved tooth, spiral bevels, made of alloy steel 
with wearing surfaces of the teeth case-hardened 
and lapped. ‘The main gears of approximately 22 
in. in diameter with the six planet pinions provide 
18 in. of effective gear face but the entire gear 


unit occupies a space of 20 cubic feet. 


In conjunction with the bevel planetary design, 


unit shown left. 


Western Gear Works is presently developing and 
building helical planetary units of 3:1 ratio tor 
1600 hp. at 720 rpm. continuous duty marine diesel 
engines. It is anticipated that these two in-line 
designs will provide a ratio range up to 6:1, 


Pacific-Western manufactures in-line marine re- 
duction gears with a vertically offset jackshaft 
which are available in five standard sizes for use 
with all popular makes of medium or high speed 
engines. Ratios between 1.5:1 and 5:1 can be 
furnished with ratings up to 1800 hp. These units 
have all the important fundamental features of 
reduction drives used in large liners and naval 
vessels. Helical or herringbone gears for high 
efficiency and quiet operation, self-contained lubri- 
cation system, anti-friction bearings capable of 
carrying full propeller shaft thrust, ahead or 
astern, and water jacketed housings are provided. 
The high and low speed shafts can extend from 
opposite or same sides of the case as required. 


The Westerr Marine Vee Drive is the latest addi- 
tion to the Pacific-Western line of marine equip- 
ment for use aboard diesel operated pleasure 
craft. This unit provides a 12° shaft angle drive 
in a compact, self-contained “package.” It per- 
mits mounting the engine in the stern of the boat 
to provide better weight distribution and addi- 


tional cabin space. 


MAINTENANCE TOOLS 
Diesel engines need proper routine inspection and 
good maintenance. This has been recognized by 
the engine builders from the beginning. Many 
companies have established extensive service facili- 
ties in the field to help the users of their equip- 
ment. Spare parts depots carry a supply of all 
parts. Expert service men are available to help 
on routine problems and to handle the emergency 
situations. In addition, the diesel users themselves 
maintain their own facilities. These range all the 
way from a few gaskets hung on a nail on the wall 
to extensive shops and service organizations. Natu- 
rally a large user such as a railroad or a pipe line 
which are spread over considerable territory need 


The spiral bevel planetary gears and spider used in the 


Western marine V-drive with 12° shaft 
angle bevel unit. 


something quite different than a ship or individ. 
ual power station where the engines are all con- 
centrated in one location. But they all have the 


problem of maintaining reliable operation, 


One of the important accessory group of manu- 
facturers is that engaged in supplying production 
and service tools. ‘There are so many operations 
in the machining. assembling and service work on 
diesel engines that are repeated over and over 
again that many special tools have been developed 
to perform them easily and economically. I hese 
tools may be only wrenches or they may be special 
machine tools. ‘Vypical of the latter are the valve 
seat grinders built by the Hall Manutacturing 
Company. One sort of machine is made for facing 
and grinding the seat in the cylinder head on 
valve cage, and another sort of machine grinds 
the seat true on the valve itself. Different grades 
of grinding wheels are provided for different miate- 
rials used for valve seat inserts or valve heads. 


HEMPHILL SCHOOLS 


Ralph Hemphill, in 1930, happened to be in Van- 
couver, B. C. Business activity had slowed almost 
to a standstill in the depression period and the 
outlook in most fields appeared bleak. The fishing 
industry in Vancouver was particularly strong for 
diesel because of its low cost fuel. (Regular gaso- 
line prices in British Columbia then were 30 to 
60 cents per gallon, depending upon location.) 
For the same reason the logging and mining in«dus- 
tries favored diesel engines. The big problem 
however, was that of getting men who knew 
enough about diesel operation and maintenarice. 
There were plenty of men who knew gas: /ine 
engines, but not many who knew diesels. 


Then and there Mr. Hemphill decided to op 1 4 
school in diesel training to help fill the local veed 
for operators and mechanics. C. D. Mac Kirnnon 
was employed as the first instructor and became 
the first member of the present staff of Hemphill 
instructors. In September 1930 the first Hemphill 
diesel course was started. Students were mostly 
gasoline engine operators from fishing boats. ‘ugs, 
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yd mining and logging camps. Despite the de- 
pression and difhculties of many sorts, a second 
shool was soon put into operation in Seattle, 
Washington, That was January, 1931. 


Diesel training was a depression-born activity and 
many Of the first students were those who had lost 
their jobs in other lines. During the summer of 
1931 the Los Angeies Hemphill Diesel School was 
founded. The need for diesel operators here like- 
wise centered around the fishing industry—the 
geat Southern California tuna fleet which covered 


great distances to and from tropical waters. 


In 1932. Mr. Hemphill began to examine diese! 
activity in the eastern part of the country. In 
1934 a Chicago school was opened, followed by 
the New York school in 1935. Then schools were 
established in Detroit, Memphis, and Boston. 


When the war years came, in order to satisfy the 


requirements of the government, the Hemphill 


» 12° shaft 


mganization was centralized in the three cities of 
los Angeles, New York, and Memphis and the 
or individ. JChicago school was requisitioned completely by 
re all con the Navy. ‘This permitted the concentration of 
ll have the 


tion. the present time, the Hemphill Schools are stil! 


ihe diesel equipment for better training and, at 


located only at the three places mentioned. 
» Of manu 


NATIONAL SCHOOLS 


for nearly half a century, leaders in industry have 


production 


operations 
. wnsistently taken an interest in National Schoois. 


ver 
and over through their friendly counsel, the school has 


developed . 

eveloy een enabled to make its technical training pro- 
ly. These Bram modern and effective. Through the coopera- 
be special Bion of industrial leaders, the school has been able 


the valve Bear after year to turn out mechanics and _ tech- 


ufacturing Boicians who fit the needs of America’s great indus- 


for facing organizations. 
r head ot 


ine grinds BH the success of National Schools graduates, and the 


ieputation which the school has with the diesel 
industry in general, is due in large part to the 


ent grades 
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training methods used to qualify ambitious men as 


diesel and automotive technicians. 


Basically, the standard training procedure at Na- 
tional Schools is a combination of the practical- 
job project, and the individual method of teach- 
ing. ‘Theory, mathematics and related instruction, 
which connects job with job, is given in personal- 
ized discussions, both around the equipment and 
in the classroom. This system is known as the Job 
Method, so named because the job is emphasized 
throughout. ‘he objective is to train men to enter 
upon their careers as modern technicians, thor- 
oughly equipped to render the services required 


by industry. 


The student receives thorough training in all 
phases of diesel, diesel-electric power generation, 
and gasoline engines. Mechanical parts, such as 
transmissions, clutches and brakes, constitute an 


important branch of National training. 


\s part of his shop experience at National, the 
student actually reassembles, assembles and_ tests 
diesel fuel injection systems. He receives practical 
instruction in maintenance and reconstruction of 
diesel, gasoline, and special fuel engines—the tak- 
ing down and rebuilding of gasoline carburetors 
as well as those adapted te natural and artificial 
gases. With actual shop experience and overhaul- 
ing every type of engine, the National School grad- 
uate is exceptionally well qualified to step into a 


responsible position in the field. 


lo serve industry, as well as its graduates, National 
Schools operates a Graduate Welfare and Place- 
ment Bureau. This department keeps constantly 
in touch with employment requirements within 
the diesel and allied industries. Thus, when Na- 
tional students complete their training, this de- 
partment is in a position to recommend them to 
prospective employers and to help them in other 
constructive ways to establish themselves in mod- 
ern industry. 


Instruction in fuel injection adjustments using International diesel and direct reading dynamometer at 
National Schools. 


IN SUMMARY 


‘rational heat engine” there were 


‘ 


Prior to the 
internal combustion engines and even oil engines, 
but it remained for Rudolf Diesel to actually 
invent the most efficient heat engine which came 
to be known as the diesel engine. The basic idea 
was one man’s achievement but the successful ex 
perimental engine was the happy product of many 
men. Even though the final experimental engine 


was of only 20 hp., the principles were established 


and quickly recognized. It is remarkable that 


Hemphill students working on G-M series 7! diesel. 


Studying a diesel marine reverse gear at Hemphill 
schools. 
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within fifteen years afterward, not only was the 
development work and the building of engines 
world wide but diesels up into the thousands of 
horsepower per engine were commonplace and 
they were an accepted source of power. 


The first World War dramatized the use of the 
diesel in submarines. The original patents had 
expired, many more firms had gone into the diesel 
engine business especially in this country, standard 
engine models were being offered and new uses 
for diesels were being found. The adaptability 
and the economy of the diesel were winning. 


In this country, the 1920s saw big and small diesels 
being built, with the accent more and more on the 
smaller diesels. Research work on diesel engines 
had begun. The small diesels were finding new 
fields of application and were crowding the gaso- 
line engine out of some of its exclusive fields. 
Semi-diesels and hot surface engines of all sorts 
disappeared as the diesel was found simpler and 
better in every way. And to cap the climax there 
came the commercially available pump injection 


the manufacturing problems and learned how to 
lower the costs and produce better engines. 


And there is tribute for the early operators and 
maintenance men who lived with the early engines 
in health and in sickness, who nursed them 
through their troubles and tried to keep them 
going until permanent cures could be effected. 


Technically, tremendous advances have been made. 
Today, diesel engines are available from 3 hp. up 
to 12,000 hp. in this country, and for just about 
every use one could think of. Piston speeds have 
increased from the 500 or 600 feet per minute 
prevailing originally to 1200 fpm. and over, for 
heavy duty engines and up to nearly twice that 
for some types of application. Brake mean effec- 
tive pressures have doubled from the original en- 
gine compared with the supercharged engines of 
today. Weights of engines in pounds per horse- 
power have decreased from 400 Ibs. or over to as 
low as 10 lbs. or less, depending upon the class 
of engine application. Heavy duty engines run 
up to 50 or 100 Ibs. per hp. Fuel economy has 


new kinds of problems. But the diesel is adapting 
itself to the changed conditions. 


There seems to be no limit to the amount of pov er 
that this country can use. Certainly, the limit is 
not yet in sight. And this is bringing new uses jor 
the diesel because of its adaptability and econon.y. 
It is an excellent emergency standby generator -et 
engine. Utilities are finding it convenient to cx- 
tend their lines with diesel sets, and to use them 
for handling peak loads or to insure reliability at 
the ends of long lines. Many small and moderate 
sized sets are installed with automatic starting. 
Diesels are used for power far from any other 
source; there is a minimum of fuel to be hauled 
to keep them running. 


It is typical of this country that diesels are built 
in stock sizes with interchangeability of parts by 
mass production precision methods. It has reduced 
the cost and made the diesel more competitive with 
other sources of power. And it makes it possible 
for builders in this country to export. 


Private 
plates, 

as ord 
Addres 


fuel system suitable for use on the smallest sizes improved especially at part loads. Diesel economy and reliability have become pro- tems; 
of cylinders. verbial and frequently the diesel is given the over to 
Years ago, diesel engineers at their meetings dis- toughest jobs to handle because it can do them 

This last event removed the limits on size and cussed engine design problems. Today, they dis- and economically. The diesel is the only engine Inquirie 

speed and the light-weight, high-speed diesel en- cuss fuels, combustion and application problems. available today that is cold starting, burns a non- 

gine began to come into its own. By 1933 when The wider use of the diesel, applications to new inflammable safe fuel, and has high economy over mers, b 

this country was seeking its way out of the de- fields, and the changing fuel situation have brought its whole load range. cards, e 

pression and needed more economical sources of 

power, the small diesel was ready. It had gone booklet: 

through its trial periods and was awaiting applica- mail, dit 

tion of its possibilities. Recognition soon came 

and the diesel industry led the procession among If you | 

the machinery industries and helped other indus- 

ties in coming up out of the depression. 300,000 

weekly, 

So when the preparations for World War Il ak 4 i ‘ 

began, the diesel industry was ready and the Army & co Pp a ct x umes a 

and the Navy made world-wide use of its products. : . - : coupon 

Now in the peace time efforts following, the diesel : dependa ble 

is holding its old friends of employment and is money 

finding new ones born of its economic advantages % U bp LY advanta; 

over competing sources of power. ; 

Tribute must be paid to all of the engineers who 4 
adie in co 

have contributed to making the present day diesel Abteenste 


what it is. As the story has already been told 
here, the engineers in this country worked towards 
simple reliable engines that would give inherent 
diesel economy with less complication. Witness the 
various forms of combustion chambers and the 
fuel injection system developments. Witness the 
simplified mechanical designs of engines. Even 
though some of these developments were at first 
parallel with the diesel, they had their influence 


SHEPPARD DIESEL Auxiliary Unit equipped 
with air cooled Quincy Compressor. 


OMPACTNESS and DEPENDABILITY 
are prime factors in the choice of 
air compressors for auxiliary service. 


Quincy offers a line of advanced design 


air compressors that are easily installed 


as an integral part of Diesel equipment. 
They can be relied upon for dependable 
air supply over a long, trouble-free 
service life. Sizes available from 1 to 80 

cu. ft. displacement. Pressures up to 

500 Ibs. p.s.i. A Quincy compressed air 
specialist is ready to serve you. Ask 

him about your air problems. 


d and the result today is a merger of the experi- 
ences in all of the types. 


Tribute must be paid to the salesmen of yester- 

year. The men who taught the potential users 

what the diesel could do for them before the days 

when the word diesel was on everyone’s tongue, 

the men who educated the skeptics, the men who 

fought off their competitors outside and inside of 
| the industry. 


QUINCY COMPRESSOR CO. | 


Dept. K-38 QUINCY, ILLINOIS 


i! : New York ¢ Chi © St. Louis 
Tribute goes to the production men who solved 
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Private mailing lists set up on 
plates, kept up to date, addressed 

as ordered — using Pollard-Alling, 
Addressograph, or other stencil sys 
tems; private departments changed 


over to service company basis. 


Inquiries, prospects, subscribers, custo- 
mers, buyers, members,—addressed on 
cards, envelopes, wrappers, mailerstrip, 
booklets, self-mailers, labels, stuffed 


mail, direct-on-publication. 


If you have a mailing list of 3,000 to 
300,000. names which is addressed 
weekly, monthly, or even as few as six 
times a year; fill in and return the 
coupon below to learn what time and 
money saving possibilities, and other 
advantages, may apply in your case. 


All around lettershop service avail- 
able in conjunction with Automatic 
Addressing. 
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FOR FURTHER INFORMATION PHONE, WRITE 


OR MAIL IN THIS COUPON. 


GLOBE ORGANIZATION INC. 
480 Lexington Ave., New York 17 


INFORMATION PLEASE: Without obligation, please send me budget handling costs 
on Automatic Addressing Service to fit the following list:— 


What type of materiul is to be addressed? 
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llistory 2 
{ARS t.s. KR ROADS ZING union 
FIFTY YEARS AFTE U.S. RAILROADS DIESELIZING AT THE 
Electro-N 
ta RATE OF OVER 40.000 HORSEPOWER PER WEEK! uct, lead: 
4 By CHARLES F. A. MANN since that persistent genius at Cleveland, H. L. escaped the clutches of a 125 vear old, tradition. But, iro 
j Hamilton, saw his electric transmission idea—an ridden equipment industry. Green D 
a: Since the first U. S. diesel began to spin in St. idea in search of a prime mover, meet and marry first dies 
: Louis, 50 years ago, no phase of the development the old Winton diesel idea of lightweight, two First a colorful, eccentric flash across the economi because 1 
i has been so dramatic as that branch of the Ameri- cyele, medium speed power and from it, a thin, horizon. A fascinating railroad toy that made goud — 
can diesel industry devoted to the railroads. fleeting trickle of diesel streamliners that but three publicity. chanical 
western railroads would take seriously, grow in all histor 
; fried experimentally and practically sidetracked geometric progression to today’s fabulous industry. Then a brash, playboy-pest of the railroad big. while th 
A for a few special chores on Manhattan Island, near- wigs. the idea. 
ly 25 years ago, America’s whole railroad diesel In those 14 years, railroad diesel swiftly grew to 
industry is barely 14 years old... short time technical, mechanical and operating maturity; it May 194 
if __-______, turity and in demand on eyery one of America’s 
if | 250,00 miles of railroad. 
and 1946 
, | World War II gave diesel freight its big chance. belief tha 
fi | The so-called “depression” of 1930 gave the rail- 
| road diesel idea fertile soil. In fact the railroad Today, fc 
was so in the big Geprenion, EMD, Al 
: fearing the age of highway, the age of air, the age out came 
| of ruin for railroad monopoly, that it may now 
a be said that diesel gave the whole 25 billion dolla 
te industry its first impetus for recovery. History will 
At the er 
| soon show that it was the vast new hope of light 
' | weight motive power from a rotating, instead of b =P. 4 
a reciprocating source that diesel-electric locomo- 8 
tion offered, which changed the whole destiny of Nearly 66 
ear 
railroading. Gloom gave way to hope. Fear gave pal A 
way to a competitive challenge of air, highway, P 
000 horse 
: canals, waterways and pipelines. At last, the rail- 
roads miht just have found a tool that opened the 
door to 20th century ideas of railroading, long hog- Over 600 
tied to the 19th century theories held sacred by the - onald 
coal, steam locomotive, and banking people. 
For, they reasoned, if a light, sleek diesel train : 
tically th 
i could suddenly convert a 1920 passenger run that Grange, 3 
was grossing but $1.25 per mile, or less, almost a 
overnight, into a $6 per mile run, without tearing ; 
: up the old tracks, why not re-vitalize U. S. rail- eins 
WHEREVER large diesel engines are roading on a 100 mile per hour speed basis instead » teeiiiies 
; operating, you'll find Thompson men—sleeves of fifty, and why not cut in half all dead weight or big we 
and eventually abolish the destructive pound, the 
rolled up—digging into problems of how to mitted p 
‘ ; ter. lonaer. at lower dirt, noise, waste and thermal losses of steam 
make rum wy power, and create a U. S. railroad system that was 
valve maintenance cost directly competitive with all other forms of trans- sass 
standard. 
And the direct result of on-the-job solution of these portation—freed at last of its treasured monopoly sai 
problems is measured by engine operators in better stetus—and go forth and get rich meeting the - 
, performance curves . . . in savings of thousands of modern era with a modern set of ideas? : mpi 
replacement dollars . . . in cutting of upkeep expense. 
More and more Thompson Valves are going into new So the Burlington Zephyr and the Illinois — . almo 
diesel locomotives and becoming standard replacement wise Get dened Oe there beg 
parts. In marine, oil and gas field, rsa plants The faith and vision that President Ralph Budd * , 
and all heavy-duty operations, Thompson Valves, Seats Waning te tn ccomotiv 
: 
and Guides continue to be operators’ choice. All because 8 years, while diesel was matriculating, on his 
, ars, i yas matric 
Thompson listens to operators, works with operators 8 Today we 
railroad, admittedly expensively, finally paid off. 
problems, then develops the valve for the job. 1 Par p“ssenger- 
Today, the pattern of diesel developed by [rest coupted 1 
Call on Thompson! More than 40 years devoted dent Budd of the Burlington, that subsequ:ntl a a 
exclusively to valve development for modern industrial became a laboratory for General Motors, ani the - 
rives 
engines are available to help solve your problem! fork that competitively goaded the Union Pacific w e ™ 
ation o 
i die ive powel, 
and Northwestern stick by motive } way for a 
and turned the mighty Santa Fe green-eyed wit! 
Thompson Products, Inc. | competitive jealousy, isone of the the 
the evolution of rail transportation that de crve design by 
est COAST PLANT: 8354 WILCOX AVENUE, BELL, = a spot in history along with the Bill of Rights 2” suee di 


the repeal of the 18th Amendment! 
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\listory also has its irony. Today, the Burlington- 
Union Pacific-Santa Fe diesel pattern built around 
Electro-Motive Division of General Motors’ prod- 
uct, leads the world procession. 


But, ironically, the Busch Sulzer diesel on the 
Green Diamond, direct descendent of America’s 
first diesel engine, went with the wind largely 
because its builders failed to grasp the concept of 
mass production when they had a beautiful me- 
chanical success right within their grasp. So, like 
all history, the true pioneer lives on in memory 
while the second generation makes a success of 
the idea. 


May 1948, finds the U. S. railroad industry not 
only going all-out for diesel, but steam seems 
headed to complete rout. Where are those 1945 
and 1946 geared turbine, turbo-electric and coal 
turbine locomotives which were postulated on the 
belief that diesel was only temporary? 


Today, four principal diesel locomotive builders— 
EMD, ALCO, BALDWIN and EM, are turning 
out some 40,000 diesel horsepower every week for 
every system on the continent. 


At the end of 1947 steam locomotives were being 
scrapped 75 times faster than new steamers were 
being ordered. 


Nearly 6000 diesel locomotive units of the 7 prin- 
cipal standardized types, totalling just over 7,000,- 
000 horsepower were in service on U. S. railroads. 


Over 600 more were on the little shortlines and 
on small switching operations. And traditionally, 
each diesel generally replaces at least 3 steamers. 


The manufacturing pattern for diesel follows iden- 
tically that greater master plan laid out at La 
Grange, Illinois, by General Motors, when it bold- 
ly decided to concentrate on a single type for 
motive power, discarding all others, and to mer- 
chandise and service its product exactly the way 
a builder of vacuum cleaners or linotype machines 
or big trucks does. 


Two basic types of road diesels and a basic type 
of switcher have now become the American diesel 
standard. The 1500 hp. two or four cycle road 
freight unit; the 2000 hp. passenger unit with big 
boiler and water capacity for the passenger train 
hotel load; and lastly, the 1000 hp. switcher that 
has almost become a U. S. standard. Last year 
there began to appear definite signs that whoie- 
seme competition had set in among rival diesel 
locomotive builders. Railroaders loved this. 


Today we can look back at General Motors’ F-3 
p-ssenger-freight idea, whereby a standard, short- 
coupled freight unit had its innards re-arranged, 
notor blowers substituted for the mechanical 
drives and by a simple change of gearing; instal- 
lation of water and heating boiler—all paved the 
way for a one-type diesel locomotive unit. 


Now there are rumors of a fabulous new unit 
design by Fairbanks Morse, using their opposed 


piston diesel. General Motors has, along with 


MAY 


ALCO and BALDWIN, actually gotten the bugs 
out of simple, medium power units that com- 
muter railroads will soon gobble up and _ install 
on trains they seriously considered abandoning as 
recently as 1946. The 1,000 hp. switcher has given 
rise by ALCO and FAIRBANKS-MORSE to the 
2,000 hp. single engined transfer-road-heavy switch- 
er unit, a neat, 12-wheel job that will find many 


eager buyers. 


The new 2,000 hp. freight unit secretly brewing in 
the big La Grange Research Center, may bear the 
EMD nameplate on the first of a series of trial 
runs very soon. 


Baldwin has already joined the procession with 


Write for free literature and prices 


a standard 12 wheel passenger unit—all of the big 
four diesel builders now install their diesel engines 
and passenger hotel load facilities in almost iden- 
tical, standardized passenger units with 2-6 wheel 


trucks. 


Far out in the branch line roads, the 1,000 hp. 
switchers have emerged as 65 mph. branchline 
locomotives with heating boiler, passenger controls, 
etc. and often haul a morning local one way, a 
mixed freight back, and double up as switcher in 
some important, though small, junction yard. One 


diesel replacing 3 or four old steamers. 


Three years ago, a relatively short time, U. S. 
railroad presidents were worrying about the price 
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of diesel fuel oil. Hardly had that big “worry” 
crossed their minds when periodical shut-down; 
of the coal industry raised the price of coal per- 


centage-wise about as far as locomotive diesel oil. 


Throughout the length and breadth of the railroad 
industry diesel has won its spurs by producing i 
few brilliant, unassailable statistics: 

1. One good diesel will do the work of from 2 to 


steamers. 


2. One diesel will save from 25 to 60°) in the 


cost per 1,000 gross ton miles. 


3. Availability averages twice as much for diesel 


as the finest roller bearing, gadget-equipped mod- 


crn high-pressure steam locomotive. ‘Three times 
that of a 1920 model steamer. 

1. Savings in destructive wear and pound to tracks 
and bridges often equal the cost of the diesel 


within 60 months time. 


A Cross Section of the Railroad Diesel Picture 


From Bangor, Maine to Astoria, Oregon, and 
from the iron mines of the Mesabi Range in 
Minnesota, to South Florida, diesel is spreading 
like wildfire. 


In the past 24 months the whole attitude toward 
diesel has changed from one of cautious, well- 
planned replacement of steam in a selected group- 


LONG WITTE EXPERIENCE ASSURES 
Diesel Power Reliability 


WITTE Engine Works entered the Diesel industry as the pioneer Ameri- 
can manufacturer of small Diesels, and WITTE Diesel units today reflect the 
experience and knowledge gained in seventy-eight years of uninterrupted de- 
sign and engine building. Because WITTE was famed around the world then, 
as now, for internal combustion engines of amazing simplicity, dependability, 
long life and economy, thousands of WITTE Diesel Engines and Dieselectric 
Plants are in use throughout the world. 
Their dependability in delivering maxi- 
mum power at minimum cost year after 
year, even under the most severe oper- 
ating conditions, keeps them a favorite 
among “small” 


12 H.P. 
WITTE industrial Diesel Engine 


power users. 


Diesel Engine is 


direct-connected Dies- 
electric Plant With Heat 
Exchanger Cooling System. 


The New 12 H.P. WITTE Diesel Engine 


Saluting fifty years of Diesel progress, the new WITTE 12 H.P. 
“master of all weather’—its valve mechanism and 
all other controls are completely enclosed. Regardless of rain, snow 
or sleet this largest of all WITTE Diesel Engines steadily maintains 
its power output. Operating temperature is held constant at all loads 
and speeds by its condenser cooling system. Water turns to steam as 


a result of its cooling action with the cylinder, and this steam rises 
in the condenser core. The cooling action of a belt-driven fan mounted in the condenser housing converts 
the steam to water which is then returned to the engine. Thus it is seldom necessary to add water. This 
new 12 H.P. WITTE Diesel can also be supplied with cooling tank, or wall-type radiator cooling system. 


Its power take- 
off may be either 
single fly wheel 
and clutch or dual 
flywheel and stub- 
shaft. 


after year. 


AMERICA’S rionete BUILDER OF SMALL DIESELS 


There’s a Size and Type to Meet Your Needs 


WITTE Diesel Engines range from 4 to 12 H.P.; WITTE 
eanenaer wi Plants from 3 to 10 KVA-AC; 2.5 to 8 KW-DC. 
All are full Diesels, starting and operat- 
ing on cheap fuel oil. Requiring little 
space or attention, all are equipped with 
the famous WITTE pre-combustion cham- 
ber which provides for a more complete 
fuel combustion and results 
power per gallon of fuel. Write today 
for descriptive literature—see why a 
WITTE can quickly pay for itself and 
keep on returning profits to you year 


in more 


UNITED STATES STEEL .. 
CORPORATION SUBSIDIA 


KANSAS CITY 3, MO., U.S.A. 


ing of favorable spots in the operating picture, to 
one of outright mass-abandonment of steam of 
any and all ages, wherever it operates. Locono- 
tives that were considered ideal and good for «n- 
other 15 years, are already coated with lead aid 
parked beside the terminal roundhouses. Reserve 
steam power is being cut up at the rate of 25 com- 


plete locomotives per day to feed blast furnaces 


Sacred cow type of steam prima dennas are alrea:ly 
marked down for indefinite storage. From tie 
Pennsy’s duplexes to the Union Pacific’s “big boys,” 
its the same old story. The crack Milwaukee, 
Great Northern, Northern Pacific, Rock Island, 
New York Central, Southern Pacific and Santa Fe 
steamers are suddenly yanked out of 1948 adver- 
tising promotion pieces. Trains magazine, that 
lovely, nostalgic approach to railroad history and 
steam train lore, now prints 50% of its content 


with diesel photographs! 


Railroads that boasted in Life. Sateve Post, Colliers 
and the Wall Street Journal of their steam power 
supremacy in 1946 and 1947 are suddeniy yank- 
ing their steam copy, however dramatic and _pic- 
turesque, for fear irate stockholders will see a lost 
ten per cent in operating ratio because their com- 
panies are wedded to steam. Fortune has prac- 
tically quit printing steam locometive-inspired 


front covers! 


‘The mass production of tovs for junior are now 


Lucius Beebe has consented to write about diesel 


diesel reproductions. It is even rumored that 


and deigns to ride a diesel train! Swiftly passing 
is the hold on railroad technical journalism that 
circulators, steam separators. brick arches, etc., 


had on policy. 


Over $100,000,000 has been spent in 4 years on diesel 
shops for the railroads. Everywhere the huge, out- 
moded steam locomotive shops are either being 
torn down or offered as sites for heavy industry. 


Following closely on this vast, thorough change 
in the attitude of the public and the railroad oper- 
ators toward diesel, is the cold fact that vast tech- 
nological changes of almost fabulous benefit will 
accrue within the next ten years to the whole coal 
industry. At first, like all good medicine, it is 
bound to hurt hard, and cause coal mining anguish 


on a vast scale. 


As railroad coal buying drops, and railroad coal 
prices go up, and as railroads suddenly decide to 
stop hauling trainloads of coal for a mere decimal! 
point per ton mile, coal will emerge as a great 
chemical base, instead of its traditoinal position 
as a mere fuel to be burned up. Two huge Piti> 
burgh coal companies are already at work on this 
approach. 


Already the outmoded coal mines are either foi 
ing up or being mechanized. Gasified coal w'll 
some day be piped direct from the mine to cc 
sumers in smoke-freed cities and towns. Elect: i« 
power stations at the mines may suddenly convert 
rich coal carriers into poverty stricken railroa«'s, 
as high voltage alternating current lines distribute 
mine-mouth electric power direct to cities via wi! °s 
instead of in the form of clumsy, dirty coal. Diesel 
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fuel oil will be the first big by-product of these 
mine-converting plants. 


And diesel started the wholesome, far-reaching 
fend that may remake our whole fucl producing- 
consuming mechanism. Billions of tons of coal 


will be saved because diesel shut off the waste. 


The Mighty Pennsy Goes Diesel 


Forefront of the 1947-1948 diesel railroad picture 
is the historic fact, that the Pennsylvania Railroad 
America’s biggest system, has come down out of 
its Ivory Tower and is “going diesel” in a large 
way! After one of the longest, most stubborn 
holdout periods in U. S. railroad history, the 
Pennsy has found that the cheapest, quickest way 
to turn red operating figures into black is to aban- 
don the costly dream of electrifying west of Harris- 
burg. President Clement is to be given orchids for 
his turnabout, for by May, 1948, every feature 


train from New York to the West at Chicago and 


Pictured left is the +3 cracked cylinder of a 
Busch Sulzer 3000 HP 9 Cylinder Diesel Engine 
repaired by Metalock in 1943 at the Municipal 
Power Plant for the Village of Freeport, N. Y. 
It was necessary to remove a section which had 
been welded, shown in illustration. A new piece 
was then fitted and Metalocked and Metalaced in 
place, as shown in right hand illustration. To 
date for more than 4 years the repair has proven 
entirely satisfactory. 


Inasmuch as no heat is used in Metalock re- 
pairs there is no consequent distortion nor inher- 
ent stresses. Metalock eliminates costly machin- 
ing and downtime. 


St. Louis will be diesel and most of the “hot” 
freights in the territory between Harrisburg and 
important Great Lakes terminals and Chicago-St. 
Louis, will go electric as far as Harrisburg and 
diesel all the rest of the way. 

Pennsy’s 1947 file showed forty 6000 hp. 
diesel passenger locos, built by Baldwin, Alco and 
EMD: and thirty-seven 6000 hp. diesel freighters 
by the same 3 builders, plus Fairbanks Morse. In 
addition 175 diesel switchers built by the same big 


four, plus some small ones from General Electric. 


Again, on March 25 President Clement announced 
another $16,000,000 order for more diesels, as a 
part of his $157,000,000 postwar program of system 


improvements. 


The March 25 order comprises six 4,000 hp. and 
eight 6000 hp. EMD diesel freighters, plus 53 addi- 
tional switchers, the bulk of which come from 


INTERESTING EXHIBIT 
IN BOOTH 70 
AT THE 


NATIONAL MARINE 
EXPOSITION 


Grand Central Palace 
May 17 to 22, 1948 


Baldwin. All told Pennsy has on order or has 
received a total of 375 diesel locomotives totalling 


nearly 800,000 horsepower! 


By this summer the mighty Pennsy feature fleet in- 


cluding the Broadway, General, Pittsburgher, 


Golden Triangle, Cincinnati Limited and Sun- 
shine Special, as well as the Trail Blazer and 


Jeflersonian, will all be diesel west of Harrisburg! 


When the Pennsy does things it does them in a 
mighty way. Its gigantic locomotive roster includes 
1200) steamers 


over 300° clectric locomotives and 


besides nearly 1500 multiple unit electric cars! 
Out west:. the diesel passenger streamliner [eet 
comprises over 60 complete new diesel trains! All 


just in service or a-building. 


Iwo biggest systems, the Southern Pacific and 
Santa Fe, began 1948 with a neat, dieselized com- 
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petitive outburst, starting off with the Santa Fe’s 
famous all-diesel fleet of two El Capitan Coach 
streamliners, blossoming into a 5-unit fleet to give 
daily, instead of twice weekly, dieseliner service 
from Chicago to Los Angeles. On the same day, 
February 29, the twice weekly Super Chief service 
became daily, with 3 more brand new trains, pow- 
ered with EMD and Alco 6,000 hp. diesels, ro- 
tating in a pool, right along with the 6,000 F.3 
EMD passenger diesels the very first of which were 
assigned to the Santa Fe. (But don’t let the Rio 


Grande hear they were first!) 


Santa Fe, with nearly 800,000 diesel horsepower, 
is still by a narrow margin, the world’s largest 
diesel railroad. It pioneerd many sides to diesel 


railroad progress. Its diesel shop facilities are 


without peer among U, S. railroads. 


Contrast this with the Pennsy, which now has to 
quickly build up diesel shop facilities at today’s 
high prices. Which of course it is boldly going 
ahead with at a cost of over $8,000,000. Major 
Pennsy shop facilities are being built at Altoona 
and Harrisburg with minor diesel shops at Chicago, 


East St. Louis, Baltimore. 


Ihe western picture of diesel, always moving 
vividly in many directions, found 1947 with the 
first truly postwar streamliner—the Burlington- 
Great Northern New Empire Builder installed on 
its Chicago-North Pacific Coast daily run. Soon, 
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Lenox Hill Hospital, New York........ 1 
New Yorker Hotel, New York........ an 
Namm Department Store, Brooklyn... .4 
1 
Floyd Bennett Field, New York....... ae 
Prudential Insurance Co., Newark, N. J..1 
Lone Star Gas Co., Dallas, Texas... . . 


Sun Oil Co., Marcus Hook, Pa........ .4 
Cia Central Argentina De Electricidad. . . 1 
Buenos Aires, S. A. 


VIBRATION 
CONTROL 


The Diesels in this typical installation are mounted on concrete 
foundations and isolated with Korfund Steel Spring Vibro-Isolators. 


Here are a few of the hundreds of installations successfully 
isolated by Korfund Vibration Control: 


750-hp. Worthington 

2 Park Avenue, New York............ 4 450-hp.; 1 750-hp, Worthington 
530-hp.; 1 750-hp, Busch-Sulzer 
300-hp.; 1 180-hp.; 

1 150-hp. Werthington 

700-hp. Alco 

450-hp. Fairbanks-Morse 
740-hp. Baldwin 

400-hp, Cooper-Bessemer (Gas) 
250-hp. Ingersoll-Rand (Gas) 
270-hp. Sulzer; 2 540-hp; 1 540-hp.; 
1 700-hp. Deutz 


If you have a vibration problem, call on Korfund, without obliga- 
tion. Our engineers will analyze your problem, and recommend 
the correct vibration control equipment. 


KORFUND CO., 
48-28 32nd Place 
Long Island City 1, N. 


thereafter, 3-unit F.3 EMD diesels began haulin: 
the new streamlined North Coast Limited, th 
Oriental Limited, the Fast Mail and other trains 
on the G.N. & N.P. and last summer a fleet o 
5 Fairbanks Morse diesels began hauling the ney 
Olympian Hiawatha. 


Newest truly Western Streamliner is the Roc! 
Island-Southern Pacific ultra modern streamline: 
powered with 6000 hp. EMD diesels, the Golder 
State, from Chicago to Los Angeles, comprising 
five complete new trains on an extra-fare, 45 
hour schedule, jointly operated via Tucumcari 
Phoenix & Palm Springs, over America’s longesi 


desert route. 


Starting in February, closely behind the Daily 
Santa Fe sireamliner operation, the Golden States 
give California travellers the choice now of three 
distinct and separate daily streamliner services, 
via Union Pacific, Santa Fe and Southern Pacific. 


Back of this, however, is the West's current most 
spectacular dieselization program, about which 
little has ever been said. Long a holdout with its 
mighty fleet of super modern oil-fired steam power, 
the Southern Pacific has stood with the Pennsyl- 
vania, heroically against diesel. 


Capitulating at last in 1947, it began placing huge 
orders that will give it a fleet of nearly 500,000 
diesel hp. Forty 6000 hp. EMD diesel freight loco- 
motives most of which are scheduled for delivery 
before summer, enabled the S.P. to dieselize its 
entire mainline freight operations on its long 
desert run from Los Angeles to El Paso, Texas, 
on the Golden State-Sunset routes, and up to 
Tucumcari, where the S.P. joins with the Rock 
Island. 


Then there are eight 6000 hp. passenger diesels, 
5 EMD and 8 special 90 mph. jobs by Alco, for 
hauling the forthcoming streamlined version of 
the San Francisco-Portland, Oregon, Cascade, pre- 
mier SP Northwest night train. These road diesels 
plus 43 more Alco and Baldwin switchers, will 
bring the SP power roster to 221 units. 


The S.P. fleet of GS passenger locomotives and 
giant articulated-consolidation (they run_ back- 
wards, with cab in front) has been the chief cause 
of their persistent holdout against diesel. But, 
heads fell, and now S.P. is proceeding with its 
program of dieselizing all its desert and heavy 
northern mountain routes, saving the big steamers 
for the well watered coast route and the sierra 
route. Until they find out what they really cost 


to run, that is! 


Plans for twin 15 car Shasta Daylights, hauled 
by 6,000 hp. EMD diesels, call for a spectacul ir 
morning to evening run of this all-day coach train, 
starting at the end of the year, over the spectac':- 
larly beautiful San Francisco-Portland run, v4 
Klamath Falls, with connecting train to Ashlan:l. 
Medford and Grants Pass. It will operate on one 


of the fastest toughest schedules in the count. 


Diesel Snapshots Across the Continent 


From mine railroads to unknown shortlines and 


DIESEL PROGRESS 


oi Up | 
Boston 

Sill ahe 
all-diesel 
Gulf, Me 
comprise 
ary 1, tl 
total of 
during 1] 
freight 1] 
passenget 
all-diesel 
on the € 
shows on 
or scrapp 


Not far t 
North-Son 
Southern 
Gulf, is r 
A recent 
locomotiv 
miles of t 
cents per 
steamers j 
of the firs 


Up in the 
land & Se: 
In March 
announcec 
Spokane-P 
the heavie 
its Wishrai 
SP&S Cali 
participate 
pany will 


Shifting t 
USA, the | 
of its freig 
of its passe 
tion as a ¢ 
power. Dic 
Hoosac tun 
tric engine: 


Out of Ch 
USA to go. 
muter train 
Island. An 
of the purcl 
ten of whic 
commuter | 
cabs to inc 
heating boi 
motives for 
locos and e 
of the comn 
given at less 
about 15% | 
The Baltim 
carrier, isn’t 
interrupt tl 
system. Con 
service betwe 
will be effec 
ticnal 1500 
completely 1 
Puxatawney, 


MAY 1948 


| ATION 
| 
| 


haulin: 
ed, th 
trains 
fleet o 
the ney 


e Roci 
amliner 
Golder. 
nprising 
fare, 4: 
cumcari 
longest 


Daily 
States 
of three 
services, 


1 Pacific. 


ent most 
t which 
with its 
n power, 
Pennsyl- 


ing huge 
500,000 
ight loco- 
delivery 
sselize its 
its long 
o, Texas, 
d up to 
the Rock 


ar diesels, 
Alco, for 
ersion of 
cade, pre- 
ad diesels 
hers, will 


tives and 
‘un back- 
hief cause 
But, 
with its 
ind heavy 
g steamers 
the sierra 
really cost 


ts, hauled 
pectacul ir 
pach train, 
> spectac' 

run, va 
» Ashlan:l. 
te on one 


e counts. 


tinent 


tlines and 


PROGRESS 


oi: up to such great systems as the B & O and 
Boston & Maine the march of diesel continues. 


Sill ahead in the hot race to be the very first 
all-diesel railroad in the entire country, is the 
Galf, Mobile & Ohio System which, since last year, 
comprises the entire Alton Railroad. As of Janu- 
ary 1, this 2900 mile consolidated system, had a 
total of 195 diesel locomotive units, and had, 
during 1947, received forty-seven 1500 hp. Alco 
freight locomotive units, three 2000 hp. EMD 
passenger units and is well on its way to becoming 
all-diesel from Mobile, on the Gulf, to Chicago, 
on the Great Lakes. Its steam locomotive roster 
shows only 136 steamers left, 38 having been sold 
or scrapped in 1947. 


Not far to the west of the general Mid-continent, 
North-South route of GM&O, the Kansas City 
Southern system, running from Kansas City to the 
Gulf, is rolling up world records with its diesels. 
A recent tabulation shows seven diesel freight 
locomotives handling 52%, of the entire gross ton 
miles of the entire system! And at a saving of 45 
cents per 1,000 gross ton miles over the fleet of 20 
steamers it replaced! This road, too, will be one 
of the first all-diesel railroads in the U.S.A. 


Up in the Pacific Northwest, the Spokane, Port- 
land & Seattle railroad is suddenly “going diesel.” 
In March another $3,000,000 diesel program was 
announced, including very light diesels for its 
Spokane-Portland-Astoria water grade lines and 
the heaviest 6,000 hp. low-geared freight diesels for 
its Wishram-Bend segment of the Great Northern- 
SP&S California Line. Both EMD and Alco will 
participate in the order. Within 2 years this com- 
pany will too, be all diesel. 


Shifting to the far Northeastern corner of the 
USA, the Boston & Maine now hauls about 80°, 
of its freight tonnage with diesels and some $5% 
of its passenger train miles despite its historic posi- 
tion as a commuter line with a lot of old steam 
power. Diesels now run right through the 5 mile 
Hoosac tunnel without stopping to change to elec- 
tric engines. 


Out of Chicago, the first major attempt in the 
USA to go all-out for dieselizing an extensive com- 
muter train run, will be undertaken by the Rock 
Island. An announcement was made in February 
of the purchase of 57 additional diesel locomotives, 
ten of which would be 1500 hp. EMD's new type 
commuter locomotive, a modified F3 with sloping 
cabs to increase visibility and provide space for 
heating boiler and water storage. These 10 loco- 
motives for suburban service will replace 17 steam 
locos and effect a dieselization of about one half 
of the commuter service. Cost for the 10 diesels is 
given at less than $100 per horsepower, and return 
about 15% on its investment. 


The Baltimore & Ohio, second largest U. S. coal 
carrier, isn’t letting its position with the coal mines 
interrupt the progress of diesel on that great 
sytem. Complete dieselization of its entire freight 
service between St. Louis and Parkersburg, W. Va., 
will be effected this year. By this Fall, 20 addi- 
ticnal 1500 hp. diesel units will enable the B & O 
completely to dieselize between Pittsburgh and 
Puxatawney, near Buffalo while 100 new diesel 
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HOW TO 
SABOTAGE 
A SHAFT 


Call 
Johnson Bronze 


at Cambridge. 
Mass. * Baltimore * 
Buffalo * Chicago * 
Cincinnati * Cleveland 
* Dallas * Denver * 
Detroit * Kansas City, 
Minneapolis * New Yor 
* Newark Philadelphia 
* Pittsburgh * St. Louis 
* San Francisco * Seattle. 


The crankshaft is an important, 
expensive part of the modern, 
high speed engine. It represents 
many hours of precise, highly 
skilled workmanship. Yet the 
crankshaft can be sabotaged in 
a few minutes .. . if the bearings 
are not exactly right. In fact, 
without the right fit, correct alloy 
and proper lubrication method, 
excessive wear develops or the 
bearings freeze to the shaft. 


Johnson Bronze knows and ap- 
preciates the vital part that 
sleeve bearings play in any 
motive unit. Its speed, efficiency 
and economy of operation 
depends to a very great extent 
on the bearings. That is why we 
insist on quality and precision 
in every bearing we produce. 
And that is why so many lead- 
ing manufacturers depend en- 
tirely on Johnson Bronze for all 
of their sleeve bearings. 


JOHNSON BRONZE 
445 SOUTH MILL STREET 
NEW CASTLE, PA. 


BRANCHES IN 
20 INDUSTRIAL 
CENTERS 
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switchers will be assigned to convert all switching 
operations in Cincinnati, Pittsburgh and Youngs- 
town. All feature passenger trains of the B & O 
are expected to be completely dieselized by the 
end of 1948. A huge new diesel service shop pro- 
gram by the B & O is being developed in connec- 
tion with its rapidly expanding diesel fleet. Large 
new facilities will be built at East St. Louis, Cin- 


cinnati, Parkersburg, and Washington, Indiana. 


While most of the new diesel passenger fleet is 
tied up or held down to modernized hybrid trains 
of modernized old cars and new lightweight cars, 
due to failure of deliveries of equipment, most 


important new ‘Transcontinental diesel stream- 


overhauls. 


653 H.P. Filter Model 
19800 using four stand- 
ard Elements. Other sizes 
of Filters up to 3266 
H.P. using same Elements. 


the lubricating oil. 


the asking. 


Pair of 17400 Filters 
on common base cast- 
ing. Each 50 H.P. 


163 H.P. Filter Model 
17050 in which one 
standard Element is used. 


It’s plain common sense to help conserve oil, because in doing so, 


liners will be the fleet of 6 completely new Astra- 
Dome Zephyr type trains to be jointly operated 
by the Burlington, Rio Grande and Western Pa- 
cific. Whole new fleets of diesel steamliners have 
been ordered by the Northwestern, Milwaukee, 
Missouri Pacific, and smaller fleets by fifteen other 


Western and Midwestern lines. 


The historic plunge into diesel by the Union 
Pacific Railroad announced last Fall, will result 
in complete dieselization of the entire Salt Lake 
City-Los Angeles line; the Green River-Ogden 
Line; Ogden and Pocatello; freight operations be- 
tween Cheyenne and Laramie, Wyoming and lastly 
between Pocatello and Rieth, Oregon. 


your costs are reduced. 

Making lubricating oil serve longer is but one important advantage 
you gain when MICHIANA Filters are used. More mileage between 
“oil changes” — less need for engine maintenance, replacements and 


For All Engine Capacities 


MICHIANA Filters are in wide usage on Diesels of every size 
in stationary, transportation and marine service. 

MICHIANA Filters are the engineers’ filters, selected on test and 
field performance records by leading builders of engines and engine- 
powered equipment. They are designed and built to meet practical 
requirements, to do the one job of thorough filtering and cleaning 


Recommendations based on years of experience are yours for 


MICHIANA PRODUCTS CORPORATION 
Michigan City, Indiana 


Write for Illustrated Bulletin 45-D. 


MICHIANA 


OIL FILTERS 


For Diesel Engines 


Meanwhile established diesel streamliners continue 


to roll up a terrific revenue picture, lead off by the 


most spectacular new money earner train of the 
past year—the twin City of New Orleans Stream 
liners, powered with 6,000 hp. EMD diesels, which 
pull them 921 miles in 15 hours and 55 minutes 
all the way between Chicago and New Orleans 
They connect with setout cars for Louisville and 
St. Louis, and make 19 stops both ways. Their 
earnings started out timidly at about $2.50 per 
mile and now atiain over $8 per mile, and the 
two trains are expected to gross over $6,000,000 
annually, against an initial cost of $3,200,000. Late 
reports lifted from the 1947 annual statement of 
the Rock Island indicate their fleet of diesel 
“Rockets” grossed over $10,000,000 in 1947. The 
New Empire Builders of the Great Northern are 
expected to return their cost each year. 


And so on for every progressive U. S. railroad that 
met the challenge of the competitive age of trans- 
portation with diesel! Railroads enter the present 
period with a better outlook than at any time in 
the past 50 years. More passengers and more ton 
miles with fewer pieces of finer equipment. 


German Diesel Laboratory to U.S. 
BLEADERSHIP in diesel engine research will be 
more firmly established in the United States with 
the opening of a new diesel laboratory at the Okla- 
homa Agricultural and Mechanical College, Still- 
water, Okla., John C. Green, director of the Office 
of Technical Services, Department of Commerce, 
said recently in announcing that OTS and the 
U. S. Office of Education has allocated a fully- 
equipped diesel research laboratory to the South- 
western college. 


The laboratory, believed to be one of the world’s 
best equipped, was engaged in the development of 
two-cycle diesel engines for automobile and _air- 
craft application involving the loop scavenging 
principle. As packed and shipped to the United 
States, it includes everything necessary to under 
take diesel engine research in this country. When 
the laboratory was found, Mr. Treiber, a consult- 
ing engineer of the Hercules Motor Co., Canton, 
Ohio, pointed out that because of the war German 
scientists would no longer lead in the field of 
diesel research and a vacuum in the research field 
would be created by the loss of their work. 


The laboratory consists of three units: A test cel! 
unit including 8 test cells for engines having from 
one to eight cylinders, a materials testing labora 
tory and a fuel injection laboratory. The labor. 
tory has many highly specialized machines such a> 
an oscillograph, X-ray equipment and a Lindne: 
jig borer with a microscopic adjustment accurat 
to within 1/400,000 of an inch. The German: 
estimated the value of the equipment and th 
laboratory building at 10,000,000 Reichsmarks. 


Order Your Copy of the 1947 
DIESEL ENGINE CATALOG now. 
Thoroughly revised — more com- 
plete—indispensable. Conveniert 
order coupon on page 335 this 
issue. Mail it today. 
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DUAL FUEL DIESEL ENGINES IN R.E. A. POWER PLANTS 


Editor's Note: The following talk was delivered 
nefore the Kansas Managers Association Meeting 
at Kansas City, Missouri, last fall by V. M. Holmes, 
Assistant Maneger, Engine Sale Division, Worth- 
ngton Pump and Machinery Corporation. Mr. 
Holmes points out the rapid growth of Dual-fuel 
Diesels in the midwest and amplifies his discussion 
with an interesting description of Dual-Fuel opera- 


A the beginning of the year the capacity of 
R.E.A. generating plants in round figures totalled 
122.000 kw. This capacity was made up of Diesel, 
spark ignition gas engine, Dual Fuel Diesel, hydro 
power, mobile and portable Diesel, and steam 
plants. Of this total capacity, oil Diesels of the 
heavy duty type comprise 78,000 kw. or 65% nd 
Iual Fuel Diesels less than 1000 kw., equivalent 


to less than 1°% of the total. 


Since the first of the year the picture with respect 
to Dual Fuel Diesel’s piace in the sun has changed 
rapidly. Last week upon checking with head- 
quarters in Washington, we were informed that 
R.E.A. has three Dual Fuel generators in opera- 
uon totalling 1440 kw. Eighteen units are under 
contract totalling 16,200 kw. and there are six 
additional units (pilot oil and Dual Fuel) for pro- 
posed installations totalling 16,000 kw. Diesel ca- 
pacity using gas as the principal fuel which is in 
operation, under contract and proposed totals 
43.640 kw. This represents more than 33 times 
the Dual Fuel capacity in operation at the begin- 
ning of the year or is equivalent to about 28%, 
of the total of all types of power installed in 
R.E.A. power plants at the beginning of 1947. 
Many of the four-cycle oil Diesels already installed 


can be converted to Dual Fuel Diesels. 


Within the past two months “Central Kansas,” 
using a temporary switchboard awaiting receipt 
of new switchgear, placed its plant consisting of 
two 1000 kw. Worthington Dual Fuel engines in 
operation. This plant as you know, is located near 
Great Bend. It is the first R.E.A. power plant to 
be established in Kansas and the first Supercharged 
Dual Fuel powered Central Station in the World. 
Engines are of the most modern type. They will 
operate on gas fuel from the Cooperative’s own 
gas well, using oil as a standby in case of any inter- 
ruption of gas supply. In case of gas failure, 
engines will automatically switch to oil under load. 


Fioneer Electric Cooperative, early this year, placed 
« contract with Worthington to install three 1160 
kv. units in its Central Station being established 
a Ulysses, Kansas. This will be another outstand- 
1g power plant with Dual Fuel engines of the 
most modern type generating low cost power. 


Within the past two years, R.E.A. Cooperatives, 
without exception, have established the progressive 
and forward looking policy of buying Dual Fuel 
D.esels where two types of fuel; oil and gas, are 
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available. Where only fuel oil is available at the 


time of purchase, and there is prospect of gas 
being distributed in the area in the future, it is 
the policy of Cooperatives to buy engines suitable 


for future conversion to Dual Fuel operation. 


The prime requisites of an R.E.A. Central Station 

are: 

1. It must be reliable and ready to respond when 
called upon for power over a wide range of 
variable load conditions. 

2. Generating equipment must be reliable and of 


a type that will produce power at low cost for 


B) 


BRAND NEW 


Now available from $ saving 


government surplus 


BUCKEYE MODEL 80 
4 Cylinders 240 Horse Diesels 


many years and operate on economical fuel. 
3. The generating units selected must be flexible 
with respect to the requirements of operating 
conditions and must fit into the scheme of ex- 


pansion with load growth. 


The Diesel engine meets these requirements. Here 
the term “Diesel” applies to both oil and high 
compression gas or Dual Fuel engines. It has the 
highest efficiency of any type of prime mover built. 
It is always ready to respond to varying load con- 
ditions. In a multiple unit plant engines can be 


put on and taken off the line at a moment notice. 


THE DIESEL 


4 that’s 


) “BUILT TO LAST A LIFETIME” 


ENGINE SPECIFICATIONS 


4 cycle 
solid injection 
104%” x 12” bore & 


stroke 


Ideally suited for application in municipal 
power plants, quarries, dredges, mines, 
brick and tile plants, water works and all 
heavy industrial uses requiring long life 


and dependable simple operation. 


As generating sets these same Buckeyes can 
be supplied with factory New 227 KVA, 


600 r.p.m. 50/60 cycles A.C. generator. 


240 H.P. @ 600 R.P.M. 
Complete with air 
starting equipment 


Mail coupon today for further information , 


BENJAMIN’S FOR MOTORS 
1890 Mill Avenue Brooklyn 10 
New York 


Gentlemen: 

Please send me more information and 
prices on the model 80 Buckeye. I 
am also interested in the Buckeye 
generating set () check if desired. 
Also place my name on your mailing 
list to receive circulars on power 
equipment. 


Very truly yours, 
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With supercharged four cycle Diesels available 
having a high operating economy over a wide 
range of loads, selections can easily be made so 
that the total number of units is kept low and yet 
sufficient capacity installed for future load growth. 
This can be accomplished without unduly sacri- 
ficing economy when placing into service plants 
engineered for future peak demands and which 


initially have relatively low load factors. 


As the consumer load increases (in R.E.A. plants 
past experience has shown load growth to be 
phenomenal) extra Diesel units are easily added 


to meet increased demands. 


In restrospect let us cite two examples of R.E.A. 
plants established about ten years ago which illus- 
trate the necessity for flexibility with respect to 
use of fuel and for expansion of power plant 


capacity. 


Late in 1938 Tri-County Electric Cooperative, 
Vestaburg, Michigan placed a contract with Worth- 
ington for three 345 kw. convertible gas engines. 
This was in the days before anyone had heard of 
Dual Fuel engines. At that time the engines were 
designed to operate as low compression spark 
ignition gas engines suitable for conversion to 


Diesels by changing parts to increase compression 


UP TC 


Setting new standards for engine effi- 
ciency, VAPOR PHASE Engine Cooling 
(constant high temperature) and 
VAPOR PHASE Waste Heat Recovery 
Systems have proven their amazing ad- 
vantages thru 10 years of operation on 
thousands of engines of all types, ranging 
in sizes from '/2 H.P. to 200 H.P. per 
cylinder. 


—yes, ALL types of engines: vertical, 
horizontal, 2 and 4 cycle, Diesel, gasoline, 
natural gas, butane, propane, oilfield 
“sour’’ gas and sewage sludge gas types— 


—in ALL types of industry, including 
agricultural, marine, petroleum, sewage 
disposal and municipal power plants, 
hotels, restaurants, all branches of the 
military, etc. 


* VAPOR PHASE 


Contact a VAPOR PHASE Engineer today 


OF EVERY DOLLAR spent for fuel in an internal combustion 
74% engine, using a conventional cooling system, is WASTED! 


VAPOR PHASE 


ENGINE COOLING and WASTE HEAT RECOVERY 


%& SAVES 2/3 OF THIS WASTE HEAT AND POWER FOR USEFUL OPERATION, 
AND INCREASES THE MECHANICAL EFFICIENCY OF ENGINE AS MUCH AS 10% 


A PROVEN ENGINEERING PRINCIPLE @ SIMPLE, FOOL-PROOF, ECONOMICAL 


PAYS FOR ITSELF 


in actual fuel and waste heat savings alone, in approximately one year, often 
less. Additional savings accrue in engine maintenance, lube oil and oil filters. 


We can prove it to you! 


ENGINEERING CONTROLS, INC. 
Home Office and Plant * 2835 East Ith Street © Los Angeles 23, California 
Offices 
New York, LExington 2-6090 © Washington, D. C., TEmple 1718 ® baueapelie, ATlantic 5448 


VAPOR PHASE is simplicity itself. Uni- 
form temperature is automatically main- 
tained regardless of load or ambient tem- 
perature—the human element is elimi- 
nated. Anyone can operate this system. 

VAPOR PHASE is absolutely SAFE—it 
has NEVER damaged an engine. It even 
permits the use of untreated acid fuels 
with a high degree of efficiency and with- 
out harmful effect! The critical fuel oil 
shortage today, is reason enough for in- 
stalling VAPOR PHASE. 

In addition to fuel savings, wherever 
waste heat can be utilized, VAPOR PHASE 
equipped engines serve the multi-purpose 
job of generating electric power, heating 
water or other fluids, heating space or 
other process—ALL at the same time, with 
ONE low operating cost! 


Ask for catalog and complete information 


pressure. When the contract was placed, the Cc- 
operative was assured of a plentiful supply of ga . 
Just prior to the time the engines were ready t> 
be shipped from the factory, early in 1939, the ges 
supply faiied and the engines had to be converte ! 


for operation on oil. 


The installation had hardly been completed befor- 
the Cooperative was faced with the necessity of 


providing for additional capacity. 


Fortunately, due to the foresight of the engineers, 
the building was generously laid out, allowing 
ample spacing between the engines for servicing 
and with wide aisles at either end of the engines. 
In addition, the building was designed so that it 
could be extended for the future addition of at 
least two more engines each, presumably of the 
same capacity as that of the initial units. 


However, it was found necessary by the end of 
1939 to add another engine not 345 but of 700 kw. 
capacity, which is more than double that of the 


units originally installed. 


Within another year it was necessary to add still 
another 700 kw. unit in this station originally 
projected for five 345 kw. Diesel electric sets. 
Instead of a projected capacity of 1035 kw., it 
ended with a total of 1725 kw. 


Another illustration of the flexibility of the appli- 
cation of Diesels is that of Shenandoah Valley 
Electric Cooperative, Dayton, Virginia. This plant 
was established in 1937. It was the first sizable 
multiple unit R.E.A. Diesel plant built in the 
United States. The original contract called for 
one 170 kw. and one 285 kw. Diesel engines. Almost 
before the ink was dry on this contract, the Co- 
operative found that to meet initial power de- 
mands and to provide for the desired standhy 
capacity it would be necessary to increase their 
contract to call for an additional and larger unit 
of 345 kw. capacity. Within another two years it 
was found necessary to add 700 kw. more capacity 
to this plant. About two years later further expan- 
sion was made by adding a second-hand engine. 


Within the past two years this Cooperative hs 
found that further expansion is required to tale 
care of present demand and to provide for further 
load growth. Shenandoah is now in the process of 
replacing the two small units of 170 and 285 kw. 
capacity respectively with two 1180 kw. modern 
supercharged four cycle oil Diesels. These new 
engines are suitable for future conversion to Dual 
Fuel when a plentiful supply of gas becomes ava‘!- 
able in this area at a reasonable rate. Within 2 
year the building will be extended to accommod.‘¢ 
a third 1180 kw. supercharged Diesel electric unit 
that is now scheduled for delivery within the n: xt 
few months. 


The phenomenal load growth with respect ‘o 
R.E.A. Cooperative’s is just as prevalent today «s 
it has been during the past ten years. Ceniral 
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Kansas will add an 1165 kw. unit to its present 
plant at Great Bend just as soon as the unit can 


be made available. 


The nature of the load of Cooperatives is such that 
heavy demands are usually experienced early and 
late in the day. In providing for these high peaks, 
generating capacity is such that a large portion 
would normally remain idle during the day. To 
even out the load during the day, managers find 
and develop daytime outlets for power that he!p 
level out the load and keep engines in operation 
that would otherwise be idle. This helps reduce 


the fixed charges per kw. of power produced. 


What can be done in this respect can best be told 
by Bill Groh, President of your Association. He 
has gone far toward raising his daytime demand 
and diminishing peaks and valleys by selling power 
for irrigation and oil well pumping loads. In 
addition to getting pumping loads for irrigation 
of alfalfa, he has further built up the irrigation 
load by encouraging farmers to irrigate wheat 
lands. In addition to making a better showing 
for his power plant, there has been an increase 
in wealth of the community and of individual 


farmers in particular. 


Let us now turn our attention specifically to the 
four cycle Dual Fuel engine, briefly review the 
progress of its development and see why it is so 
adaptable to R.E.A. power plants, especially in 
Kansas, where both types of fuel are available. 


Although we have referred to “Dual Fuel” many 
times and spoken of it in general terms, it might 
be well for us to further define the Dual Fuel 
engine at this point. 


“A Dual Fuel Diesel is one which may be operated 
as an oil Diesel or a gas Diesel or a combination 
of both and is equipped with controls or parts to 


permit operating as one or the other.” 


From 1937 to 1940 experimental work was con- 
ducted by English Engine builders on four cycle 
engine with a spark and pilot oil ignition. Al- 
though this development work progressed satis- 
factorily the demand for this type of engine in 
England is limited because of the lack of satis- 
factory fuels. 


I the United States, Worthington was one of the 
frst four cycle builders to begin developing en- 
g nes similar to the British types burning gas on 
the Diesel cycle. Worthington started its develop- 
rent work in 1941, using a 16” bore x 20” stroke 
four cycle four cylinder Diesel engine for experi- 
mental work in the burning of gas and the applica- 
tion of various types of controls for both gas and 
p:\ot ignition fuels. In August 1944 this engine was 
d«monstrated before a group of prominent engi- 
neers. This was the first public demonstration in 
the United States of the operation of the four 
cyle Dual Fuel Diesel engine. The unit was of 


the non-supercharged type. 
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The next year, by April 1945, Worthington had 
made and announced the successful application of 
supercharging a Dual Fuel Diesel. To the best of 
our knowledge this represents the first application 
of supercharging gas Diesel and Dual Fuel engines. 
During the development period of the gas and 
Dual Fuel Diesel engine, Worthington foresaw the 
adaptability of this type of engine to sewage gas 
plant applications as well as to power generation 
stations where gas fuel is available at costs com- 


paring favorably to oil. 


In the development of this engine Worthington 
considered paramount the attainment of the fol- 


lowing conditions: 


1. To be satisfactory for operation on low pressure 
gas such as is available in sewage plants. 

2. To have an arrangement which would make it 
possible to change from maximum gas fuel to 
100°, liquid fuel under load, 

3. To be arranged so that any proportion of gas 
and oil fuel other than the minimum amount 
of oil fuel required for pilot ignition could be 
utilized. (In connection with sewage plant ap- 
plications, it is important that the engine use 
all the gas fuel that is available and that it 
automatically make up with fuel oil any gas 
deficiency.) 

4. To be adaptable to supercharging with the 
attendant advantages gained. 


In this special furnace, tailored for the job, 
is a 4 ton diesel engine cylinder. Completely 


controlled temperatures assure perfect welds 
by the Guth Fusion Process. 


SPECIALIZED DIESEL ENGINE REPAIR . 
BY THE GUTH FUSION PROCESS 


The Guth Fusion Process is a scientific method of 
welding cracked heads, blocks, water jackets, 
water cooled manifolds . . . or cast iron and 
aluminum castings of all kinds. Repaired parts 
are as strong as new. They look like new. They'll 
give years of service. And you'll save money. 


Modern equipment to handle any size repair job. 
Call or write Guth today for information on any 
repair jobs you have. 


This 48 inch casting being rebored the Guth 
precision woy demonstrotes our ability to 
handle the biggest jobs with assurance of 
turning out the kind of work you want. 


Gute COMPANY 


McPHERSON, KANSAS 
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Aside from working out mechanical details, the 
initial steps in the development of the four cycle 
gas-Diesel, using low pressure gas, were: to deter- 
mine the allowable compression pressures; the 
amount of pilot oil required for flame propaga- 
tion; and the timing of pilot oil injections to ob- 


tain best results. 


Until the past decade many engineers and laymer 
were not familiar with the fact that a mixture of 
gas and air can be compressed to pressures com- 
parable to Diesel engine compression pressures 
without pre-ignition. All of us have grown up 
with the gasoline and gas spark-ignition engines. 
Our experiences with them would naturally cause 


us to think that compressing a mixture of gas and 


HMEAVY.DUTY MUFFLER 


ge. * 30-ton Euclid truck powered by NH Cummins engine 


ST. PAUL 4, MINN. 
- DONALDSON CO. (CANADA) LTD. 

CHATHAM 


MADE BY THE WORLD'S LARGEST MANUFACTURER OF HEAVY-DUTY AIR CLEANERS 


air would result in an explosion, or at least pre- 
ignition. Users of Heavy-duty gas engines, for ex- 
ample, have noted pre-ignition when engines have 
become over-heated, setting up localized hot-spots 
in the combustion chamber, or when using manu- 


factured gas with a high hydrogen content. 


In connection with spark ignition engines, until 
this time we have been dealing with almost ideal 
explosive mixtures of gas and air that under rela- 
tively low compression pressures are easily ignited 
by hot sparks. The ignition temperature of almost 
perfect explosive mixture of gas and air is com- 


paratively low. 


In the Diesel, a high compression engine, contrary 


..-MUFFLE HEAVY-DUTY 


ENGINES EFFICIENTLY 


with the NEW DONALDSON 


For Gasoline, Butane 
and Diesel Engines 
23 te 330 P. 


The new Donaldson heavy-duty 
muffler was developed for power 
equipment operating in the iron 
ore pits of the Mesabi range. In- 
stalled on trucks, this specially 
built muffler effectively absorbed 
exhaust “bark” or “crack” from 
high output engines, which was | 
causing early operator fatigue and 
annoying those people who lived 

near the job site. 

Compact, built to resist exhaust 
temperatures of 1500 F., the Don- 
aldson muffler cuts objectionable 
noise with a minimum of power 
loss. It's the answer to muffling 
problems on over and off-the-road | 
trucks, on shovels, cranes, station- 
ary power units and other equip- 
ment. 

Let us show you how this ne-v 
muffler can add a valuable selling 
feature to your heavy-duty power 
equipment. 


Write our 
ENGINEERING DEPARTMENT 
Sales Engineers: Chicago, Cleveland, Detroit 
These leading Builders of 
heavy-duty equipment use 
DONALDSON MUFFLERS 


Bucyrus-Erie 

Harnischfeger 
Seaman 
Buckeye Division of | 
Gar Wood Inc. 
Euclid Road Machinery | 
American Hoist & Derrick 
Lime-Hamilton 


DONALDSON CO. 
INC. 
666 PELHAM BLVD. 
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conditions exist. The air-gas ratio is high. The 


mixture is lean. Under these conditions the ign: 
tion temperature of natural gas is above the com- 
pression temperatures ordinarily reached in the 
Diesel cycle, which as you know is about 1000°F. 
The ignition temperature of natural gas, however, 
is slightly above 1200°F. For this reason it is 
necessary to introduce pilot oil with an ignition 
temperature of about 1000°F. to further raise the 
temperature of the mixture to obtain ignition ot 
the gas and air. The amount of oil required tw 
obtain best combustion results varies with the 
types of gases and the refinements in design of 
the engine. So far, the minimum pilot oil required 
to obtain good combustion characteristics is 5°, 
and 714°, of the full load fuel comsumption of 
supercharged and non-supercharged engines, re- 
spectively. When gas is available at a very low 
price, it is important that the pilot oil consump- 
tion be kept to a minimum. However, if gas prices 
are relatively high, greater percentages of pilor 
oil are permissible because the amount of oil used 


dees not have a great bearing on the overall cose 


As indicated above, the first experimental work 
by Worthington was done on a commercial four 
cycle oil-Diesel engine. This work was carried 
on in our Research Department. The engine was 
equipped with individual gas metering valves and 
gas control valves for each cylinder, with a gang 
pilot pump driven from the camshaft, and with 
pilot injection nozzles in addition to the main 
fuel pumps and nozzles. Individual gas metering 
valves allow for the additional refinement of ad- 
justment for equal loading of each cylinder tw 


insure maximum performance. 


After determining the allowable compression pres 
sure, the timing of injection of the pilot o1i, and 
the amount of pilot oil resulting in best operating 
characteristics, the next step was to design a suit 
able control. This control had to be designed 
so that the engine could be changed over fron 
gas to 100% liquid fuel. In addition to this, a> 
previously stated, the engine would have to oper- 
ate automatically on oil from the main fuel pump 
to make up for any deficiency that might occu: 


in the gas supply. 


Prior to the time that Worthington started e 
perimental development work on the Dual Fu: 
engine, we had pioneered in the application | 
the exhaust gas driven supercharger to low spec: 
heavy-duty Diesels. In addition to increasing th 
horsepower about 50°, supercharging was foun: 
to have many good characteristics with respect ') 

operation and application, some of which are + 

follows: 

1. Higher mechanical efficiency and better sco. 
enging, resulting in fuel consumptions low ’r 
than those of non-supercharged engines. In « i- 
dition to lower fuel consumptions, lubricati .g 
oil consumptions are also below those of nm "- 
supercharged engines of comparable 


powers and speeds. 
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2. Installation costs are lower. Less building space 
is required. Foundations are smaller. Cartage 
costs are lower. There is a saving in freight. 

3. More power can be installed in a limited space. 
This has been especially important when add- 
ing additional capacity to established power 
plants. In many instances expensive building 
changes have been eliminated. When building 
alterations are required they are kept at a mini- 
mum with the addition of supercharged engines. 

1. Minimum initial investment is required in 

establishing any Diesel power plant. Smaller 

power plant buildings will be required for 


initial capacity and to provide for expansion 


Comporative Fuel Costs - Oil Diesels and Gas Diesels 


+ ON DIESEL 
wr GAS DIESEL (FUEL COST INCLUDES PILOT 
AT 10.0 CENTS PER GALLON) 


2 
2 6.00 
« 
5.00 
2 
« 
= 
3.00 
Ht 
FUEL AND PILOT O10: 19,350 BTU 
GAS: 1000 PER Cu. FT. (WHV) 
“0 so 60 70 


PERCENT LOAD 


In a supercharged engine, inlet and exhaust valves 
overlap. For a short time both the inlet and ex- 
haust valves are open to provide for 100% scav- 
enging. The exhaust valve is then closed and the 
air inlet valve remains open while the cylinder is 
supercharged with air on the downward stroke of 


the piston. 


It was our desire, in the application of supercharg- 
ing to Dual Fuel, to use gas at a comparatively 
low pressure. The inlet pressure to the cylinder 
must be higher than the supercharging air pres- 
sure. The minimum gas pressure to the engine for 
satisfactory results has been found to be about 
!2 Ib. per square inch compared to a pressure as 
low as 2” of water for non-supercharged engines. 
When available, higher pressures may be used for 
gvod results with supercharged engines. 


The timing valve in each cylinder which provides 
fer the proper timing of gas injection with over- 
lapped air inlet and exhaust valves is shown in 
the group of slides that we shall soon see on the 
Dual Fuel engine. 


Al:hough pilot oil ignition has been used so far, 
Worthington has started work on the application 
of spark ignition. The successful application of 
this still awaits further development of spark 
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ignition equipment that will stand up under con- 


ditions encountered with high pressures. 


The preceding set of curves illustrate the compara 
tive fuel costs in dollars per thousand kilowatt 
hours for “Supercharged Oil and Gas Diesels.” 
Pilot oil is included at a cost of 7.0 cents per 
gallon. For each half cent that pilot oil costs vary 
from 7.0 cents, add or deduct the following 
amounts to or from the cost shown per thousand 
kilowatt hours:— 

Full load + 


3, load + 2.4 cents 


cents 


load 3.6 cents 


These values are based on conservative gas con- 


Globe-Union batteries are 
specially engineered to provide 
the high current rates and pow- 
erful discharge voltages required 
for Diesel engine starting. 


GLOBE-UNION INC. Milw 


sumption guarantees. 


At an average engine load of 65 per cent, natural 
gas available at 15 cents per thousand cubic feet, 
pilot oil at 8.5 cents per gallon and lubricating 
oil at 60 cents, the fuel and lubricating oil costs 


for each thousand kilowatt hours generated will 


be: 
$2.19 
Lebricating O8 33 


This is well under three mills per kilowatt hour 
and will be even lower at higher engine load 


factors. 
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WANTED CORPORATION PRESIDENTS 


to start 
the machine 


that manufactures SECURITY 


This machine operates best when started by top manage- 
ment! It's the Payroll Savings Plan for the regular purchase 
of U. S. Security Bonds. It produces security for individuals, 
for business, and for the nation at large. 

Security for individuals . . . because every $3 invested in 
Security Bonds pay $4 at maturity. 

Security for business . . . because the billions of dollars 
already invested—and being invested—in Bonds are build- 
ing future purchasing power. 

Security for the nation . . . because every Bond dollar that 
is built up in the Treasury is used to retire a dollar of the 
national debt that is potentially inflationary, ond because 
every Bond held means fewer dollars to go to market to 
bid up prices on scarce goods. 


Produces Other Benefits, Too! 
In 19,000 industrial concerns operating the Payroll Savings 
Plan, employees are more contented. Worker production 
has increased, absenteeism has decreased—even accidents 
have been fewer! 


Why Should Top Management “Press the Button”? 
Begun in war-time, the Payroll Savings Plan was rapidly and 
widely adopted under the stimulus of dramatic patriotic 
appeals. 


Those appeals are gone. Yet the reasons for investing in 
Security Bonds today are important. Management men can 
understand these reasons—and have the influential author- 
ity that’s reeded to “start the machine”... to get the Plan 
vigorously promoted. 


Your Task Is Easy—and Vital! 


To enable you to install or to reinvigorate the Plan in your 
company, with minimum time and effort, the Treasury De- 
partment has prepared a kit of materials especially for you 
to distribute among specific key personnel. Be sure to get 
and use your kit! Your sponsorship of the Plan will bring 
you its greatest benefits in your own company—and you'll 
be doing your part to help guarantee America’s security — 
which is your best business security. For help, call your 
Treasury Department's State Director, Savings Bonds Division. 


The Treasury Department acknowledges with appreciation the publication of this message by 


Editor—DIESEL PROGRESS 


This is an official U. S. Treasury advertisement prepared under the auspices of the 
Treasury Department and the Advertising Council. 
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Cooper-Bessemer Announces 
Pacific Coast Sales Changes 


JHE Cooper-Bessemer Corporation recently an- 
nounced the following rearrangement of its Pa- 


cific Coast sales organization: 


John Rogers, the company's Pacific Coast Man- 
ager, continues in that capacity, supervising the 
activities of the Los Angeles, San Francisco, and 
Seattle offices, with headquarters changed to San 


Francisco. 


Phil Mettling 


John Rogers 


Phil Mettling, manager of the Los Angeles office 
will be responsible for a sales territory consisting 
of Southern California, Arizona, Utah, and the 


southern tip of Nevada. 


John McKissick, a member of the sales department 
since 1943, has been transferred from San Fran- 


Jim Combs 


John McKissick 


cisco to Seattle. Working with Robert Jones, head 
of the Seattle office, he will be responsible for 
sales of all the company products in Wyoming, 
Montana, and the provinces of Alberta and Sas- 


katchewan. 


James Combs, of the Mount Vernon sales depart- 
ment, has been transferred to San Francisco as a 


salesman in San Francisco and northern California. 


The changes were announced by Stanley E. John- 
son, Cooper-Bessemer Vice President and Director 
of Sales. 


New Directors for 
Fairbanks, Morse & Co. 


AT a meeting of the Board of Directors of Fair- 
banks, Morse & Co. held recently, two men from 


the ranks were elected directors of the company 
to replace A. E. Ashcraft and F. C. Dierks. 


L. W. Stolte 


F. J. Heaslip 


The two new directors are L. W. Stolte, who has 
been Secretary of the company for the past year, 
and Frederick J. Heaslip, who has for a number 


of years been Director of Purchases. 


Radar For Oil Tankers 

PLACING of contracts for radar sets, to be 
installed on 40 of its sea-going tankers, was an- 
nounced recently by Standard Oil Company (New 
Jersey). The company has completed arrangements 
for the purchase of 20 sets each from Radiomarine 
Corporation of America and Sperry Gyroscope 
Company, as the first step in its program to equip 
the 90 vessels of Esso’s American and Panamanian 


flag fleets with radar. 
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ENTIRE DIESEL 


Bc Whatever you are looking for in Diesel Eugines, or Ace 
“ssories, you will find them described and illustrat .d 

in the 1947 DIESEL ENGINE CATALOG, Volume 2, 
edited by Rex Ws . What's more, you will find 


The Products of 53 Engine Manufacturers. Each engine description is complete 4 
accurate — checked and double-checked by the Manufacturer himself. Illustrations 
include full-page engine views, lube and fuel system diagrams, also cooling systems — 


many traced in color. 1. 

factur 

2 F ) IT 10 N But that is just the Diesel engine section. The Catalog also includes an accessory § 2. A lar 
section carrying valuable information on the various Fuel Injection Systems, Gear and 3 aay 

Chain Drives, Turbo-chargers, Blowers, Magnetic Couplings, all fully described and . Engine 


profusely illustrated. 4. Manut 
THE 


| 53 DIESEL ENGINE MANUFACTURERS BUILDING | REVISE 
| 822 MODELS 


‘athrop Engine Company 
Lincoln Diesels (Bolinders Company) 


Lister-Blackstone Inc. an 

Caterpillar Tractor Company Lorimer Diesel Engine Company 

Chicago Pneumatic Tool Company Mack Mfa. C ti 
Clark Brothers Company h Com 32 amb 
Consolidated Diesel Electric Corporation 
Climax Engineering Company National Supply Company (S models 

Continental Motors Corporation Division) tccries 
Cooper-Bessemer Corporation Nordberg Manufa : 
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Joos: Engineering Company tev est it 
toiner Company of 
Sheppard Company IN DISPE 
Sterling Engine Compe 
Sun Shipbuilding & Corpora? 
Union Diese! Engine Co 
Detroit Di Divisi United States Meter Cerporetion 
Elec Division Venn-Severin Machine Company 
Company Wo-hington ‘ron Werks 


Cummins Engine Company 
Enterprise Engine & Foundry Company 


Fairbanks, Morse & Co. 
Fulton Iron Works Company 


General Machinery Corp. (Hooven, Q 
Rentschler Division) 


Palmer Brg 


Gr. 


Compeny Motor Company 
Hendy Works Witte Engine Werks 


: Meior Corporation Wolverine Motor Company 
Hill Diese! Engine Company ; Divisien Werth oor Sump & Machinery 


Rogers Diesel & Aircraft Corp.} Co: 
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UNDER ONE COVER! 


DESIGN AND OPERATING ENGINEERS AND 
| including accessories, paris, materials and services — all classified es to products. AVAILABLE 


nplete 


lilustrations Over 900 Pages Really 4 Books In Ore 
tions and ations ef elf the Diese! engines manu- 


factured in thi 
2. A large section carr 
tions of Diesel engine and pre 
3. The Market Place — a classifiec 
Engines and Accessories. 
4. Manufacturers’ Advertisements—131 pages o 
loq-type copy—informative—helpful. 
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, Gear and 
cribed and 


vie Hlustrated deserip- 
accessories. 
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we REVISED ANNUALLY 


The most widely-used Diesel referg 
book published:—Because 
revised and brought up 
nv each year, thousauai™ design and 
operating engm@ers, purchesing and 
socs executives, Diesel students bu 
ina ‘+. DIESEL ENGINE CATALOG eac 
year and constantly refer to it through- 
out he year. The 1947 Edition, Volume 
12 embodies sweeping changes — new 
dels aad types, revised designs—and 
| cccries the basic information published 
in pravious editions. Whatever your in- 
te est in Diesels is you will find this Eci- 
tice of the DIESEL ENGINE CATALOG 
INDISPENSABLE. 


DIESEL ENGINE CATALOG— 
> . Two West Forty-Fifth Street-—New York 19, N. Y. 
4 . 3 Enter my order today for a copy of the New 1947 Diesel Engine Cata- 
log, Volume Twelve, Edited by Rex W. Wadman, for which | enclose 
$10.00. 
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DIESEL 
ENGINES 


DIESEL 
GENERATORS 


2——American Locomotive—900 
H.P. Direct Reversible 


Diesel engines model 540—900 B.H.P. at 700 
RPM. 12%” bore—13” stroke — turbo- 
charged, 4 cycle complete with reduction gears, 
2.03 to 1 reducing shaft speed to 300 R.P.M. 
—also equipped with airflex clutches, built 
1941. 


2—General Motors Diesel Engines 
—Electromotive Division 


model 12-567-ATL, type V, two cycle, 81/2” 
bore, 10” stroke 744 RP.M—12 cylinders, 
complete with Falk Reduction gears. 2.48 to 
1 reducing shaft to 300 R.P.M—these engines 
from LST vessels, spare parts available, electric 
starting. 


3—Diesel Generators 100 K.W. D.C. 
Engine—mfg. by Superior Engine Div. Nationai 
Supply Co. 512” bore, 7” stroke, 8 cylinders, 
1200 R.P.M. 150 H.P.—4 cycle—solid injec- 
tion—electric starting—built 1943. 


Generator—mfg. by Delco Div. General Motors, 
100 K.W. 120/240 volts, 417 amps, stab. 
shunt wound, 3 wire self-excited, complete with 
switch gear and spare parts. 

2—Diesel Generators 200 K.W. 
model 8-268-A 
Engine—350 H.P.—1200 RP.M—2 cycle, 8 
cylinders—6 1/2” bore—7” stroke—air starting 
built 1943. 


Generator—mfg. by Westinghouse—200 K.W. 
—450 volts A.C. 321 amps, 1200 R.P.M., 3 
phase, 60 cycle, complete with exciter and 
switch gear. 


THE BOSTON METALS CO. 


313 E. BALTIMORE STREET 
BALTIMORE 2, MARYLAND 


Phones: CURTIS 1121-1272 


Pioneer Gas Engine Designer 
Passes Away 


CHARLES A. JACOBSON of Lancaster, Penn- 
sylvania, passed away on March 19, 1948, at the 
age of 81 years. Mr. Jacobson came to this coun- 
try from Sweden in 1893 and was continuously en- 
gaged in the design and building of gas and oil 
engines until his death. For the past number of 
years he has owned and operated the General 
Diesel Sales Corporation of Lancaster, Pennsyl- 
vania in the business of rebuilding and conver- 


sion of new and used diesel and gas engines. 


Charles A, Jacobson 


Mr. Jacobson, around the beginning of the cen- 
tury, was very active in the construction of large 
gas engines in his capacity of Manager of the Gas 
Engine Department of Struthers-Wells Corp. at 
Warren, Pa. 


Jackson Machine Manufacturing Co. in Warren 


Later Mr. Jacobson operated the 
for a number of years building gas engines. 


Mr. Jacobson was granted a large number of pat- 
ents on various phases of regulation and control, 
valve gears, etc., on gas engines of both the hori- 
zontal and vertical types. For Mr. Jacobson’s out- 
standing work in the development of these engines 
he was awarded medals by the Franklin Institute 
of Philadelphia, Pennsylvania; The Pan-American 
Exposition, Buffalo, New York and by The Lou- 
isiana Purchase Exposition at St. Louis, Missouri. 
A considerable portion of the power at the Pan- 
American Exposition was supplied by engines of 
Mr. Jacobson’s design. 


Mr. Jacobson left four children and numerous 
grandchildren. The older son, Carl A. Jacobsoa, 
is a Consulting Engineer at Ardmore, Pennsyl- 
vania. His daughters are Mrs. Hans Davids of 
Beloit, Wisconsin and Mrs. Mons Hallberg of 
Rangoon, Burma. Another son is O. R. Jacobson 
of Barstow, California. 


It is expected that th General Diesel Sales Cor- 
poration will be reor;anized and will continue to 
operate. 


FUEL INJECTION 
NOZZLES and 


coon 
specifying 


EX-CELL-0 


It’s true. You can cut engine costs 
and eliminate field service prob- 
lems . . . simply by specifying 
EX-CELL-O Diesel Fuel Injection 
Nozzles and Holders. They are 
outwardly opening, differential 
type pintie nozzles designed to 
give you maximum efficiency from 
high speed Diesel engines of 5 to 
300 H.P. Installation? Simple. 
No drain lines required, no adjust- 
ments necessary. Each unit self- 
contained, factory calibrated and 
sealed. Cost? Approximately 25% 
less than any other nozzle on the 
market! 


Replaceable Nozzle Tip 
Cross-sectional view 
shows simplicity of 
design. Only 3 
working parts. 


D: 
EX-CELL-O CORPORATION 
1200 Oakman Blvd. - Detroit 6, Mich. 


New { EX-CELL-O 


MODEL “S” SINGLE CYL- 
INDER FUEL INJECTION 
PUMP FOR SMALL HIGH 
SPEED DIESEL ENGINES OF 
5 TO 10 H.P. 

Write for complete details! 
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For Gaskets— 
Seals— 
Rubber Parts... 


few FE L-PRO// compounn 


as announced in 
Product Engineering — March 
Machine Design — April 


Offers Longer Service 
Under Most SEVERE Conditions 


Retention of flexibility at —55°F! 
Resistance to hot oil at 300°F! 
Unaffected by mosi solvents and fuels! 


Low “‘set"’ under compression and 
unusual ability to return to original 
shape! 

Tensile strength of 1,800 p.s.i.and 
ultimate elongation of 400% plus! 

These and many other highly 
unique characteristics are fully de- 
tailed in page announcements now 
appearing in the product develop- 


SWELL-Tested 


c development engineers know about tion. Diesel, gasoline or 
106 Mlustration “A” shows swell this completely new rubber com- notural gas. A.C. or 
f10n of conventional-type rubber washer pound, write today for reprints of D.C. Write for infor- 
are @s compared with Illustration of | @Nnouncement. No obligation! | mation. 
tial FEL-PRO 131 when subjectedtothese | Address Felt Products Mfg. Co., 1522 — —— 
10-day tests. Carroll Ave., Chicago 7, Illinois UNITED STATES MOTORS CORP. wis.” 
rom 
ple. 
= RESPECTED the World O 
elf- or Ver 
and 
the CONTINENT 
In Every 
INDUSTRY 
END Pe) 
this Better-Built 
DAVENPORTS 
ation. are AVAILABLE in 
STEAM 
GASOLINE 
DIESEL 
with = 
ELECTRIC A half century of quality tradition based squarely throughout a trouble-free and long service life, Daven- 
or upen experience, skills and integrity stands behind ports have achieved an enviable performance record. 
DN MECHANICAL Dina ur engineers il gay Jour ral 
a DRIVE road of Porto Rico. Davenports are strictly modern. problems and submit reliable recommendations — without 
Aich. Aimed at the realization of lowest ton mile costs obligation on your part. 
Complete Information on Request 
A DIVISION OF DAVENPORT BESLER CORPORATION 
DAVENPORT, IOWA, U.S.A. 
»N EXPORT OFFICE: BROWN AND SITES CO., INCORPORATED, 50 Church Street, New York 7, Cable Add. “BROSITES" 


MAY 1948 


4 
~ 
by 10-day immersions in | 
| able units for stand-by 
ay 
“ibe 
» 
~ 
OF 
ROGRESS 


Out of touch with land for months at a time, Diesel-powered 
commercial fishing craft must be “dead sure” of continuous 


dependable starting. 
—and Bendix* Starter Drives provide just that. 


Designed and engineered for compactness, ruggedness, 
universal adaptability, and simplicity of operation, these 
heavy-duty Drives have a performance-proven record of 
many years of dependable service on land and sea. 


For heavy-duty Starting—marine, automotive and indus- 


trial— Bendix is best. 


U. S. PAT. OFF. 


| 


ECLIPSE MACHINE DIVISION 


Seeing now made possible 
by remarkable new elec- 
tronic features, embodied in 


PRESSUREGRAPH with Syncro-Marker 


Reproduces on oscillograph screen, 
accurate picture of pressures during Pickup 
and after explosion, relates pressure 

variation to time, top dead center, “ 


OR THE RATE OF 
ENGINE FLAME center} 
PROPAGATION 


angular velocity, etc. Also 


tracing of rate of flame propagation 
with relation to top dead center and 
See pressure-time 
characteristics of automotive, jet and 
compressors, 
pump, etc. Operates over range from 


peak pressure. 


Diesel engines, 


Ye 


| PEAK PRESSURE 


TOP DEA 


SECONDS 
PER INCH 


accurate 


Angvlar Sync Pressuregraph Syncro- Morker Oscillograph 


Send for description and full 
engineering data 


static up to 10,000 cycles at pressures 


from 0 to 10,000 Ibs. 


ELECTRO PRODUCTS LABORATORIES 


549 W. Randolph St., Chicago 6, III. 


Phone STate 7444 


Elliott Company Names 
J. W. Anne 


J. W. Anne 


JOHN W. ANNE has been appointed sales man- 


ager of the Jeannette plant of Elliott Company 
He came with the Elliott Company in 1925 imme 
diately after graduating as a mechanical engineer 
from Penn State. After completing his apprentic: 
course, he was. assigned to the condenser depart 
ment. He became manager of the heat transter 
and turbine sales department five years ago. 


Craven Joins Trucking Company 

BPAVID S. CRAVEN, former General Service 
Manager of the Cummins Engine Company, 
Columbus, Ind., has 
been appointed Direc 
tor of Maintenance of 
the McLean Trucking 
Company, Inc., Wins 
ton-Salem, N. C., one 
of the largest commor: 
carriers in the Fast 
ern United States. Mr 


Craven, who has been 


David S. Craven 


associated with — the 
trucking industry for more than 25 years, was 
Cummins General Service Manager from 1936 to 
1941. He left that position to enter Naval service 
After release from the Navy, Mr. Craven engaged 
in field research for the Cummins Engine Com 
pany, Inc. He later was associated with Cummins 
Service and Sales, Los Angeles, Calif., leaving 
that position to join the McLean organization 
January 31, 1948. 


Diesel Engineering Symposium at 
Cornell Sponsored by University 
and D.E.M.A. 

A WEEK-LONG symposium on diesel enginee: 
ing, sponsored jointly by the College of Enginee: 
ing of Cornell University and the Diesel Engin: 
Manufacturers’ Association, will be held on th: 
Cornell campus next summer, it was announce: 


recently. 


Scheduled August 30-September 4, the program 

intended to promote more effective instruction | 
diesel engineering and to foster closer relation 
between college and industrial personnel involve! 
in the design, manufacture and application © 
diesel engines, according to Prof. W. Julian Kin- 
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director of Cornell's Sibley School of Mechanical 
Engineering. 


Panel discussions dealing with a wide range of 
diesel engineering topics will be supplemented by 
demonstrations of the facilities of Cornell's Diesel 
Engine Laboratory. The laboratory, which was 
used to train more than 2,000 Naval officers dur- 
ing the recent war, includes more than 10,000 
installed horsepower representing all commercially 
important types of diesel engines. 


The symposium has been arranged, Professor King 
said, for college and university personnel experi- 
enced in heat-power and diesel engineering and 
actively engaged in teaching and research in the 
field, and for qualified engineers from the diesel 
engine manufacturing and allied industries. En- 
rollment will be limited to 75 persons. 


‘The program follows the pattern of meetings for 
college teachers of diesel engineering conducted 
last year in Chicago by the Diesel Engine Manu- 
facturers’ Association and in 1946 in cooperation 
with Pennsylvania State College on the campus 
at State College, Pa. 


Vibration Mounts for 

Isolating Machinery Vibration 
UNDER the brand names of Finnflex Vibration 
Dampner, Finn and Company recently brought to 
the field of vibration control a practical, tested 
method of machinery vibration control. 


Fitestion Dany nore 
Fine & Co., 2880 - are., BYS 30 


Finnflex Vibration Dampner 


their CM series includes two types of mounts: 
(M-H for horizontal and rotary vibration and 
CM-V (with “Built-In” snubber action) for verti- 
‘al vibration in top heavy and recoil type ma- 
hines. Both these sturdy, durable, inherently 
table mounts attain maximum efficiency through 
he principle of “Rubber-in-Shear” and their non- 
verloading characteristics. The design of CM 
founts involves no rubber-to-metal bonds that 
nay break or separate in use. High grade syn- 
‘hetic rubber inserts are held firmly in place by 
steel retaining brackets and are impervious to oil, 
water, sunlight, grease and cleaning solvents. 


Che company invites inquiries on special vibration 
yroblems and offers complete engineering facilities 
lor their effective solution. Write Finn & Com- 
pany, 2850 Eighth Avenue, New York 30, N. Y.. 


lor a four-page descriptive folder and price list. 
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The HELIXHAUST reduces temperature of exhaust gasses—makes engine room 
more livable. It increases permissible supercharged rating of Diesel engines. It’s 
simple, yet highly efficient, neater and more attractive when mounted on the engine. 
It modernizes 4-cycle Diesels by turbo-charging. Write for literature containing com- 
plete specifications on the HELIXHAUST and details on Intake Manifolds, Water 
Inlet Headers and Water Discharge Pipes. Stewart engineers will be glad to talk over 
with you further the advantages of the HELIXHAUST Water-Cooled Manifold. 


Outside view 
of the HELIXHAUST 


Inside the 
HELIXHAUST 


THE STEWART IRON WORKS CO., Inc. 
1581 Stewart Block 
CINCINNATI 1...OHIO 


| 
| ABRICATORS OF 
IRON - STEEL - WIRE 


OLDEN e Yuutvers for 


HILL DIESEL ENGINE CORPORATION celebrates its own 
50th anniversary of engine building this year, and even more — 
celebrates its new association with Drake America Corporation. A 
pioneer in the field (and for twenty-two years building Diesels ex- 
clusively), HILL now specializes. in the ‘small Diesel’ range — 
from 10 to 60 hp. 

Drake America Corporation and its subsidiary, Hill Diesel Engine 
Corporation, salute the industry in this, the Golden Anniversary year. 


Oiportunily lor. Many 


THE NEW DAC DIESEL LINE incorporates the practical 
experience of 50 years of Diesel progress into the design of a higher- 
power range of power units, marine propulsion units, and electric 
generating sets—from 35 to 200 horsepower. DAC welcomes the 
Golden Anniversary year as a propitious time to introduce this long- 
sought supplement to the Hill Diesel range. 


DRAKE AMERICA CORPORATION 


EAST 50th STREET - NEW YORK 22, N. . a 5. A. 
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Well-known for their rugged design, efficient 
performance, long life and minimum mainte- 
nance, whether powered by eiectric, gasoline, 
or Diesel equipment. Backed by over 2 century 
of manufacturing and designing experience, 
Kurz and Root generators are now serving in- 
dustries throughout the world 


Illustrated are AC genera- 
tors, only 2 of the many dif- 
ferent types developed and 


DC genera- designed to fit specific needs and appli- 
cations, (upper left) two-bearing self- 
na. iw ex- excited type; (lower right) two-bearing 
cited type 


direct connected exciter type. 


Can also be 
furnished with direct connected ex- 
citer. Both AC and DC generators can 
be furnished in the single bearing, 
flange-mounted type for special 
mounting requirements, Ball bearing 
construction is used throughout. Com- 
plete data upon request. 


KURZ*ROOT Cmpony 


APPLETON - WISCONSIN 


NEW ENGLAND HEADQUARTERS 
FOR DIESEL ACCESSORIES 


AMERICAN BOSCH 
BENDIX SCINTILLA 
EX-CELL-0 

DELCO-REMY 
FAIRBANKS-MORSE 
HOLLEY CARBURETOR 
SCHEBLER CARBURETOR 
STEWART WARNER 
AUTO-LITE 
LEECE-NEVILLE 


There’s a reason why we’ve grown—since 1904—to be the 
automotive and Diesel leaders in this busy New England area. 
It’s because we have won the reputation for supplying the cor- ;} i] 
rect accessories and parts promptly, and for specializing in | || 
fast, intelligent service. Factory approved parts, tools and | on 
service are of paramount importance, of course, but we are Seen 
particularly proud of the way our sales, shop and office staffs Seeee | 
take a personal interest in each of your transactions. 1 || 


CONNELL CO. 


121 BROOKLINE AVENUE BOSTON, MASS. 
340 


Diesel to the Rescue 

A “CATERPILLAR” diesel engine and an air. 
liner of the TACA Airways System combin:d 
forces to curb the threat of disaster when Sarta 
Tecla, El Salvador, Central America, suffered t ie 
loss of its community water supply recently aficr 
a 20-year old engine, which had been poweri ig 
its water pumping plant, broke down. Its collay se 


Caterpillar Diesel on way to El Salvador 


left the community of 50,000 persons threatened 
by epidemic if they were to utilize long unused 
and possibly contaminated wells within the city 
and helpless to the ravages of destructive fire. 


At the request of the President of El Salvador and 
the Salvadorian Consul General in New Orleans, 
an order for a diesel engine capable of handling 
the power situation was rushed to Caterpillar Trac- 
tor Co. The company rushed the new engine to 
New Orleans. At New Orleans the engine was 
placed aboard a TACA airiiner—the largest and 
heaviest single unit of air cargo loaded and carried 
on such an airliner—and was delivered to the strick- 
en city six hours after clearing New Orleans. 


Brumback Named Hallett 

Sales Manager 

AUSTIN SHERMAN, executive vice president ol 
Hallett Manufacturing Company, announced the 
promotion of William Brumback from director of 
foreign marketing to manager of sales. In his new 
capacity, Mr. Brumback will be responsible for 
sales in the North and South American continents. 
Mr. Brumback is currently in Mexico City for the 
inaugural opening of the new showrooms of their 
dealer, Mexican Tractor and Machinery Company. 


Diesel Patrol Boat 


48-foot Diesel patrol boat recently repowered with # 
General Motors 6-7! Diesel. Installation a mace by 
the Mill Basin Ship Repair Co., Inc. 
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SEAMLESS 
FLEXIBLE 
METAL 
HOSE 


Diesel Exhaust and 
Air Intake 


Recommended for high quality 
and performance by engine 
builders, marine architects, 
industrial designers and engi- 
neers over three decades, 


One of Complete Line of Hose 
Send for Bulletin 1020 


The type of Atlantic Hose shown above is an engine- 

silencer connector for Automotive and Marine Diesel En- 

gines, Naval Vessels, etc. Straight or bent—all sizes; 

fitted with suitable flanges if desired. Also there is an 

Atlantic Metal Hose for Fuel Oil Lines, Lube Oil Lines, 
Water Lines, and Air Lines. 


ATLANTIC METAL HOSE CO., INC. 


4102 West 64th Street _ New York 23, N. Y. 


VOLTAGE REGULATOR 


/ Low cost, dependable units for port- 
able or stationary electrical generat- 
/ ing plants. Burlington regulators are 
/ | available for AC power units up to 
| | 3000 KW and DC units up to 1000 KW. 
Check Burlington quality before buy- j 
ing—your inquiries for literature and | 
engineering services are solicited. f 


/ BURLINGTON INSTRUMENT COMPANY 


bey DEPT. B-58 BURLINGTON, IOWA j / 


IT PAYS TO 
BUILD THESE 


TUTHILL 


PUMPS 
INTO YOUR 
MACHINERY 


No other pumps fit the job like Tuthill Stripped 
Pumps. They are designed for building directly into 
machines to save space, improve appearance and 
reduce costs. Two types available: Type S, without 
mounting bracket; Type SA, pumping elements only. 
Ideal for lubrication, coolant, hydraulic and liquid 
transfer service. Capacities up to 200 g.p.m. Write for 
bulletin on Tuthill Stripped Pumps. 


Chicago 19, 111 


in diesel generating sets and 


marine auxiliary units... 


Made to or der » Reiner units meet your specifica- 
tions for generating equipment and marine auxiliary 
power. Consult Reiner on your power problems. 


JOHN REINER & CO. 


12-12 37th AVENUB LONG ISLAND CITY 1, N. Y. 
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AUTHORIZED 
SALES 
AND 
SERVICE 
FOR 


AMERICAN BOSCH 
EX-CELL-O 
BENDIX SCINTILLA 


Ine. 


1102 ATLANTIC AVE, BROOKLYN 16, N. Y. 


MAIN 2-7700 


OTHER MARINE PRODUCTS 


Generators, Starters, Batteries, Magnetos, Bearings, Fuel Lines and Fittings, Oil 
Filters, V-Belts, Instrument Panels, Gauges, Tachometers. 


INDUSTRY 


HEMPHILL SCHOOLS are your logical source of properly and thoroughly 
trained Diesel operators, maintenance and service men. You can rely upon 
Hemphill graduates who have chosen the Diesel field as their permanent 
vocation, and who chose Hemphill for their training because of its outstand- 
ing record and reputation. 


HEMPHILL DIESEL SCHOOLS are the oldest in America devoted ex- 
clusively to Diesel training. Facilities include Diesel engines of various types 
and sizes, well equipped machine shops and laboratories. 

GET THE KIND OF DIESEL MEN YOU WANT FROM HEMPHILL DIESEL SCHOOLS 
Write today. No obligation 


APPROVED FOR VETERANS—AVAILABLE FOR NON-VETERANS 


HOME TRAINING also available. Many men now employed on Diesel jobs take this famous course to up- 
grade themselves. 


HEMPHILL DIESEL SCHOOLS 


NEW YORK MEMPHIS LOS ANGELES 
31-28 Queens Bivd. 311 S. Main Street 1601 S. Western Avenue 
Long Island City Tennessee California 6 


Zine-base Bearings 
Subject of Government Report 


ZINC-BASE bearings represent a new bearing mi- 
terial which is more than a substitute and, theie- 
fore, should receive engineering attention in the 
United States according to a report on Germon 
research on zinc-base bearings now on sale by the 
Office of Technical Services, Dept. of Commerce. 


The report, prepared by OTS investigators F. Kk. 
Hensel and W. M. Pollitzer, summarizes German 


investigations and practical experience and _pre- 


| sents test data. 


“In view of the fact that zinc-base bearings seem 
to be unknown in the United States an attempt 


_ was made to collect information both on the pres- 


| ent state of commercial zinc-base bearings and on 


the research leading to further improvements in 


this type of alloy,” the investigators state. 


Practical German experience has shown that zinc- 
base bearings have applications in electric motors, 
driving rods, coupling rods and axles of narrow- 
gauge locomotives, and as bearings for street cars, 
traveling wheels and transmissions of cranes and 
in crushers and harvesting machinery. In addition, 
the fine zinc alloys proved excellent as main bear- 
ings as well as driving unit and auxiliary bearings 
for machine tools and wrist-pin bushings in small 


diesel engines. 


“Compared with red brass, tin bronze, white metal 
with high tin contents, and lead-base bearing alloys 
with a low content of tin, the zinc alloys are supe- 
rior in tensile and fatigue strength, and in hard- 
ness. The zinc alloys are far superior to the stand- 
ard bearing materials in respect to thermal con- 
ductivity; the co-efficient of thermal expansion is 
higher than that of conventional bearing alloys. 
Zinc alloys can be used as solid bearings due to 
their high tensile strength at low temperatures.” 


the report states. 


Centrifugal casting should be used wherever pos- 
sible since it produces a dense structure, the inves- 
tigators state. In compound bearings the bearing 
liner thickness should not be less than 1.5 to 3 
mm. after finish machinery. Changing from red 
brass and bronze to zinc-base bearing alloys does 
not generally necessitate alterations in the design. 
the report points out. ‘The zinc-base bearings can 
be used as full round or split bearings. The pat- 
tern (1 per cent shrinkage) common for red _ brass 
and gray iron castings can be used for zinc casting. 


Howell Named By Detroit Diese! 


CHARLES M. Howell has _ been appointed 
Petroleum Sales Engineer for the West Coast ac 
cording to an announcement by V. C. Genn, Gen- 
eral Sales Manager of the Detroit Diesel Fngine 


Division, General Motors Corporation. 


Mr. Howell will establish local headquarter. in 
California but operate out of the company’s Pe- 
troleum Industry Sales Office, at Tulsa, Oklahoma 
under the direction of Arch F. Campbell. 
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HUSSMAN MOUNTINGS 


CARL HUSSMAN INC. CHICAGO 


VIBRATION AND NOISE ISOLATION 


DIESEL-USERS EVERYWHERE 
e STICHT TACHOMETERS 


They are 

Most Accurate Reliable 

® Rugged @ Wide Coverage 
® Quality Built 


Full details in Bulletin 750/755. 
HERMAN H. STICHT CO., INC. 


NEW YORK 7,N. Y. 


27 PARK PLACE 


More Than a Quarter of a Century of Service 


For Fuel-Oil And 
LUBRICATING OIL 
Longer Engine Life Assured. 
Unmatched Heat Protection. 
Banishes Varnish, Gum, Carbon, Sludge. 
Arrests Piston Ring and Valve Wear 
LuBAL Cuts Operating Costs. 


FOR GREATEST POSSIBLE 
POWER PROFITS —USE LUBAL 
80 OO ENGINE 
, HOURS 
with 


Original Piston Rings. 
Save on Maintenance Costs by Using LUBAL 
Regularly. 


Write for Lubal Facts 


LUBAL, INC. 


375 W. RICH ST. COLUMBUS 8, OHIO 


"FIAED-READING” 
PREMAX 


MODEL YRF 
ENGINE PRESSURE INDICATOR 


DIRECT-READING 
or COMPRESSION 
FIRING PRESSURES 


OF EVERY TYPE OF DIESEL ENGINE 


Spring-balance princi- 
ple assures lastingly dependable 
service. No field adjustments or 
settings are required to take core 


“4 of gauge drifting, or to compen- 
sate for other instrument charac- 
teristics and engine conditions. 


For other features, write for 
ACCURATE Bulletin 294 
PRESSURE 
READINGS 


as high as 


1700 P.S.1.. 


INOUSTRIAL INSTRUMENT CO. 
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the 


D.W. HAERING & | 
OFFICES: 
205 West Wacker Drive, Chicago 6, Illinois 


Sarco strainer on fuel tank .. . Sarco strainer protecting water pump 


S ARCO STR AINERS FOR FUEL, LUBRICATING 
OIL AND WATER LINES 
Shut downs due to foreign material in | Where the need for cleaning the strainer 


pipe lines are avoidable. In a few min- is frequent, Sarco hand or motor driven 


utes, at little cost, a Sarco strainer with  8Cfaper strainers are available. 


the exact mesh required can be inserted _ Four types in sizes Vs to 8” for pressures 
in any tine. up to 900 Ibs. Ask for Bulletin 1200. 


| SARCO COMPANY, INC. 
j Represented in Principal Cities 
Empire State Building, New York 1, N. Y. 


SARCO CANADA, LTD, TORONTO 5S, ONTARIO 


344 


Naval Architect’s Spring Meeting 


G@HIPBUILDERS, ship operators and mari ¢ 
equipment manufacturers from all sections of t e 
country will gather in the Tidewater Virginia ar a 
for the Annual Spring Meeting of The Society .f 
Naval Architects and Marine Engineers on Thu) .. 
day and Friday, May 27 and 28, 1948. 


A Committee on Arrangements under the Cha 
manship of Rear Admiral N. L. Rawlings, USN, 
(Retired), has been appointed to develop and 
supervise the program for the two day sessiov. 
Headquarters will be at the Chamberlin Hot:|, 
Old Point Comfort. 


Visits will be made to the Langley Laboratory, the 
shipyard and hydraulic laboratory of the Newport 
News Shipbuilding and Dry Dock Company, and 
to the Mariners’ Museum. 


International Replacement 
Diesel Fuel Pump Package 


Single plunger repl + pump 


HE Industrial Power Division of International 
Harvester Company announces a field replacement 
package unit containing a new  single-plunger 
International Diesel fuel injection pump for re- 
placing the older four-plunger pumps found on 
series “35” and series “40” diesel engines. New 
high-pressure fuel lines and all necessary accessories 


are included. 


Diesel Crane Replaces 
Three Steam Cranes 


This P & H Crane powered by a 6-cylinder General 
Motors Series 71 Diesel engine is shown at work in ‘he 
yard of the Port Huron Sulphite and Paper Compeny, 
Port Huron, Michigan. Equipped with a special grapyler 
for handling pulp wood the machine is used for un- 
loading Great Lakes ships. Even though the unit re- 
placed three steam cranes Port Huron Sulphite 
Paper Company report that unloading time has actually 
been shortened. Fuel costs for a alow day opera-ion 
average about $1.50. 
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High Speed Operation 
with Lower Operating 
Costs... 


A wide range 


of High-Speed Diesel Engines for Automotive, 
Marine, Traction and Industrial applications 


Jeyian 


LEYLAND MOTORS LEYLAND: LANCS: ENGLAND 


ENQUIRIES :— 
Industrial Units Division — 


PROLONG BULB LIFE 
WITH THIS NEW SOCKET 


@ Vibration Absorbent 
@ Dust proof—Water proof 


@ Molded of NEOPRENE 
(won‘t break or shatter) 


@ New and available 


No. $2371—NEOPRENE Rub- 
ber lamp socket. Fits 4” 
standard ovtlet. Furnished 
with two protective steel 
mounting rings. 


MINES EQUIPMENT COMPANY 


4210 CLAYTON AVE. ST. LOUIS 10, MO. 


Furnished with pigtail leads 
for wiring. Get complete de- 
tails. Write, right now. 


METAL HOSE 


FOR EVERY PURPOSE 


e SEAMLESS—Constructed from one 
continuous piece of uniform thickness 
PARALLEL CORRUGATION assures 
maximum strength and flexibility 
AVAILABLE IN NUMBER 347 
STAINLESS STEEL FOR HANDLING 
CORROSIVE GASES 


¢ AVAILABLE in special assemblies to 
meet your special requirements. 


ECLIPSE-PIONEER Division of 
TETERBORO, NEW JERSEY 


Aviation 


HYDRAULIC 
REMOTE 
CONTROL 
SYSTEM 


& 


A NATURAL FOR 
ALL THROTTLES 


ALL HYDRAULIC 
GEARS 


Here is a smooth- and positive-acting pteentie sys- 
tem for the remote control of throttles, hydraulically 
actuated reverse gears, and other equipment. 

@ Easy to install—the single copper tube can be bent 
over or around obstacles. 

®@ Accurate—to 1/; of 1° through effective operating arc 
of 60°. Holds position. 

®@ Dependable — Moisture-proof, corrosion-resistant, —- 
MAINTENANCE FREE! 
For complete information write for Bulletin MG-2000. 


SPERRY PRODUCTS, INC. 


Hoboken 1, N. J. 
SP-122 
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25 KVA, 1200 KPM, 
A. C. Generator 
with Direct Connected Exciter, 


A.C. and D.C. 


Columbia, with its years of experi- 
ence, brings to you a wice line of 
performance proved, sturdily built, 
A.C. and D.C. Generators. A.C. Gen- 
erators: 6'4 to 375 KVA. D.C. Gen- 


and Excit 2 to 200 KW. 
Available in Single or Two Bearing 
Construction. Write today for in. 
formation. Our engineers will be 
glad to review your requirements. 
Prompt delivery. 


COLUMBIA ELECTRIC MFG. CO. 
4519 Hamilton Ave, Clevdéland 14, Ohio 


TRAINED MEN 
AVAILABLE 


Qualified DIESEL and 
Automotive TECHNICIANS 


Thoroughly trained men familiar with all 
phases of Diesel, Diesel-Electric Power Gen- 
eration, Semi-Diesel and gasoline engines are 
immediately available to industry in all 
locations through the Graduate Service De- 
partment of National Schools. Write or wire 
today for complete information. 


Approved for Veterans 


152 Diesel Mine Locomotives 
For Britain 


65 bhp Hunslet Diesel 


VALUED at over £750,000, an order tor 152 fully- 
flameprool underground Diesel locomotives for 
British pits has been placed with the Hunslet En- 
gine Co., Lad., by the British National Coal Board 
in an eflort to climinate (he transport bottleneck 


between coal face and shalt bottom. 


All of these are to be of Elunsiet standard types 

of 65, 70, and 100 horsepower and with top speeds 
up to 15 mph. Hunslet two-speed and four-speed 
transmission, and integrally-cast: locomotive frame 
structures, are to be used, and the locomotives will 
be divided between coal haulers and dual-purpose 
designs with complete Westinghouse air brake 
equipment, cnabling the Litter to operate special 
trains maximum 


passenger underground — with 


safety. 


This Ideco Rambler Rig powered by a 288 HP Twin-5 
General Motors Diesel engine is shown repairing an old 
southern Mississippi oil well. Cement is being forced 
into the fissure, at a depth of 8900 feet, to exclude salt 
water. Fields and Randall, drilling contractors, of Brook- 
haven, Mississippi, are perfoming the job. 


Order Your Copy of the 1947 
DIESEL ENGINE CATALOG now. 
Thoroughly revised — more com- 
plete—indispensable. Convenient 
order coupon on page 335 this 
issue. Mail it today. 


DIESEL FUEL 
INJECTION SERVICE 
by 


BOSCH 
SCINTILLA 
EX-CELL-O 


Our Service Equipment has 
been designed and built 
under the supervision of 
factory service engineers. 


DURHAM c. 


943 W. Genesee St. 
Syracuse, N. Y. 


«17 W. 60 St. 
_ New York City 


The Experience Resulting 
from 85 Years Devoted 
Excl sively to the Design 

and Application of 

| Bot Plain Mechanica 

| nd Hydraulic Types 

| Is Available When he 

PICKERING 4 
FOR ‘os ENGINES 


Photoelectric 
CRC SMOKEMETER 


Objective indication of smoke density, 
independently of human judgment and 
of light conditions. 


Approved by Coordinating Fuel 
Committee. Manufactured by 


PHOTOVOLT CORP. 


95 Madison Ave. New York 16, N. Y. 
Write for Literature 


Research 
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Names in the News = 
URRAY RI a 
MURRAY & Ine. of Quincy 
ICE ‘an EE 
Massachusetts, manulacturers of the Harbor 
master,” announce the appointment of Hendrick A 
won & Baker, 90 West Street, New York City 
is their sales representatives in New York, EE ee 
EE 
SE 
APPOIN EMEN Jack A. Taylor as Sales 
Promotion Manager of Perfect Circle Corporation 
has been announced by W. B. Prosser, the corpo efle SER . 
ration’s General Manager. ais i 
1 se ite 
Mir. Laylor has been associated with Perfect Circle appc® \ \ \\\ 
for more than filteen vears, and has served as a \ ANNA 
District Manager and a Regional Manager. 
APPOINTMENT OF Dr. G. Burks, Jr, a di 
rector of bsso Standard Oil Company, as general HERE vibration, expansion, contrac- cated from brass, monel, stainless steel, and 
manager of the company’s manulacturing opera- tion, and pulsation, heat or corrosion various other metals are available to meet 
oy i screwy ey a are causing trouble in oil, air, water, or ex- any requirements where an application de- 
haust connections . . . we suggest you inves- mands trouble-free service. 
president, At the same time, H.W. Fisher, also tigate the advantages of Titeflex, the all-metal Titeflex has a proven record of perform- 
a director, was mamed to succeed Dr. Burks as flexible tubing. ance for more than 30 years. Problems 
general manager of East Coast refineries Titeflex is constantly developing new types regarding any type Diesel installation are 
o of all-metal flexible tubing. Tubing fabri- invited without obligation. 
\. GRANT TAS REJOINED Stewart & Steven 
e HK. son Services, Inc, as representative for their Titeflex, Inc. 524 Frelinghuysen Ave., Newark 5, M1. 
Laredo district, it was announced recently by Joe 
Manning, manager, Grant, a veteran of 4° years 
in the army as transport olhcer in the India-Burma 
theatre, has been associated with diesel and gas 
engines for over 14 years. 
RAYMOND kh. COLLIGK has been named Parts 


Exclusive Manufacturers of Titeflex high 
quality products for more than 30 years 
Merchandising Manager of the Detroit Diese! En- 


Soles Offi 
gine Division, General) Motors Corporation, in 


10S ANGELES BOSTON SAN FRANCISCO TORONTO 
recent announcement by Vo C. Genn, General Sales 
Manager. 


J. N. LIND has been promoted to Assistant Gen 


eral Prathe Manager of Lhe National Supply Com 
pany, according to an announcement by C. 
Barton, vice president of the company. He will 


R. 
make his beadquarters in the Grant Building, 
Pittsburgh, Pa. 


FRANCIS McNAMARA 


has been appointed 
Fastern Division Sales district representative for 
Caterpillar 


Practor Co. to contact “Caterpillar ARS OF 
distributors in Massa- 2 
Rhode Island 
and the mari- 
time provinces of Can- 


chusetts, 


Maine 


ada and Newfoundland 


We at AVONDALE are proud to 
stand, shoulder to shoulder, with 
other famous names in allied in- 
dustries—to congratulate DIESEL 
announcement by W. INDUSTRY on its Anniversary, 
S. Zeigler, “Caterpillar” which coincides in year with 
astern Division Sales AVONDALE'S 10th 
Manager. McNamara is 
Francis McNamara 
well acquainted with 
the New England territory, having been born and 
earch educated in Worcester, Massachusetts. ‘The new 
appointee graduated from Worcester Polytechnic 
Institute with a bachelor of science degree in 
mc hanical -engineering. 
MAY 1946 
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yyenicaTon 
EXPERIENCE 


CORPORATION 
M CORD DETROIT 11, MICHIGAN 
LUBRICATOR DIVISION 


NEW DIESEL 
GENERATOR UNITS 


DC and AC; 50 and 60 cycles 


Also compressor and pump units and com- 
binations designed and built to order. 
Aiso Marine Engines 


EARLY DELIVERY 


BOLINDERS COMPANY, INC. 


35 Rector St. 6. 


NEWS OF THE INDUSTRY 


COMPREHENSIVE FIELD PERFORMANCE 
data and interesting “on the spot” photographs 
showing numerous diesel engine machining and 
repair operations are presented in a new twelve- 
page booklet issued by the Giddings and Lewis 
Machine Tool Co. 


Descriptive information contained in the booklet 
covers numerous practices followed in boring main 
bearings, milling crankshaft throws, boring cylin- 
der liner seats, milling crank cases and other gen- 
eral work encountered in the field. The data 
presented indicates the advantage of using time 
saving fixtures and machine attachments. 


The new catalog on Machining and Repairing 
Diesel Engines is offered free to anyone interest- 
ested. It may be obtained by writing directly to 
the Giddings & Lewis Machine Tool Co., Informa- 
tion Service Dept., Fond du Lac, Wisconsin. 


THIRTY-FIVE AMERICAN-BUILT  twin-diesel 
railroad locomotives will soon be in service in the 
Argentine, transporting freight and passengers 
across the mountainous and desert regions between 
Buenos Aires and Chile. 


The locomotives have been ordered by the Argen- 
tine State Railways to replace present steam equip- 
ment. They are being built by the General Elec- 
tric Company at its Erie, Pa., factory and will be 
powered by 70 Cooper-Bessemer 12-cylinder diesels, 
each rated 1000 horsepower at 915 revolutions per 
minute. 


FRESH OFF THE PRESS is a 180-page book, 
“Marine Diesel Engine Standards,” published by 
the Diesel Engine Manufacturers Association for 
naval architects, shipbuilders and ship operators. 
The text covers the application, performance, oper- 
ation and maintenance of marine diesel engines 
in the types of craft in which they are commonly 
used. Fuel oil, lubricating oil, and engine parts 
and accessories are also discussed. 


Copies may be procured from the Diesel Engine 
Manufacturers Association, One North LaSalle 
Street, Chicago 2, Illinois. The price is $5.00. 


A NEW TOOL KIT, recently announced by 
Ingersoll-Rand, permits the drilling of steel, 
masonry and wood, the application and removal 


of nuts and bolts, the driving and removal oi 
screws—all with a sin- 
gle tool. The kit is 
compact and portable. 
It features the Inger- 
soll-Rand new electric 
impact tool, which en 
ables the repair man, 
using standard acces 


sories, to perform this 


multitude of jobs. The 
kit is assembled com- 
plete or with accessories as required. With stand- 
ard equipment, the kit contains the impact tool 
with a Jacobs collet type chuck, six hex sockets 
of varying sizes, a Morse Taper socket, and adapter 
sleeve. For further information write Ingersoll- 
Rand Company, 11 Broadway, New York 4, N. Y. 


A POWER UNIT employed for positioning ac- 
curately over small distances in accordance with 
received pneumatic pressures is the “Microposi- 
tioner,” was recently announced by Hagan Corpo- 
ration. The ‘‘Micropositioner” is a device capable 
of precise positioning in addition to exerting con- 


siderable powers, Hagan research engineers report. 


As an example, they explain, the new unit, em- 
ploying a pneumatic pressure of 60 psi, can ac- 
curately position a lever within a few thousandths 
of an inch, over a range of 0 to 0.5 inch—working 
directly, without use of mechanical linkage. Suc- 
cessful test applications indicate that the “Micro- 
positioner” is well-suited for positioning of oil 
burner tips, injection nozzles, governor gear on 
boiler feed pumps, and other applications requir- 


ing precise positioning. 


A NEW CATALOG on Baldwin-Rex Roller Chain 
Flexible Couplings has been released recently by 
the Baldwin-Duckworth Division of Chain Belt 
Company. The new book presents a comprehen- 
sive story of Baldwin-Rex couplings . . . their de- 
sign, application, selection and prices. To clarify 
intricate design and application features, cutaway, 
“explosion” photos and simple drawings are used. 
For a copy of this new book, request Bulletin No. 
48-6 from Baldwin-Duckworth, division of Chain 
Belt Company, Springfield 2, Mass. 


West 


PIKE D 
« Wilso 
drilling, 
engine 

pany, Li 


SUPPLI 
Co., Seat 
190 hp. | 
Co., Por 


lor sawn 


SUPPLII 
Service, 

diesel ge 
100% pe 
of the 


SAN JOS 
er in its 
75 kw. ¢ 
D-13000 


FOR RE 
Albert Cz 
bara, Cal. 
diesel ma: 
Marine. 


A NEW 
Martinac 
propulsio1 
@ 450 rpi 


SKAGIT 

Wash., on 
ufacturers, 
with six I! 


SEINE B 
Alfred Ste 
a new 225 
diesel that 
boat to be 


PURCHA: 
San Franci 
by Anthon 


DIESEL SALES ENGINEER WANTED 


Experienced Diesel Sales Engineer wanted for 
estimating and sales work leading to supervising 
territorial sales, by nationally known Diesel engine 
company with world-wide distribution. Only those 
with Diesel engineering background need apply. 
Reply should state experience, age and salary 
expected. Address: Box 484, DIESEL PROGRESS, 
2 West 45th St., New York 19. 


FOR SALE 


750 H.P. Busch-Sulzer, 2 cycle 4 cylinder Diesel 
engine with 500 KW 440 volt, 3 phase, 60 cycle 
direct connected generator — in good operating 


condition. 


Curtis Manufacturing Co. 
St. Louis, Mo. 
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West Coast Diesel News 


By FRED M. BURT 


PIKE DRILLING CO., Long Beach, is powering 
« Wilson power drilling rig for contract oil well 
drilling, with two LP-600 250 hp. Cummins diesel 
engine purchased from Republic Supply Com- 


pany, Los Angeles. 


SUPPLIED TO NORTHWEST Motor Parts Mfg. 
Co., Seattle, to power logging hoists, three 6WAKD, 
190 hp. Waukesha diesel engines; to Roberts Motor 
Co., Portland, Ore., four of the same diesel units 
for sawmill work. 


SUPPLIED THROUGH VAUGHAN FElectric 
Service, Inc., a 4 cyl. 300 hp., Fairbanks-Morse 
diesel generating set with 200 kw. generator, as a 
100%, power standby for the San Francisco plant 
of the Langendorf Baking Company. 


SAN JOSE Cotton Oil Company, for standby pow- 
er in its San Joaquin Valley plants is using seven 
75 kw. diesel generating sets with “Caterpillar” 
D-13000 diesel engines. 


FOR RE-POWERING one of their fishing boats, 
Albert Castagnola Bros. Sea Food Co., Santa Bara- 
bara, Calif., is using the new 53 hp. “Caterpillar” 
diesel marine engine, supplied by Shepherd Diesel 
Marine. 


A NEW TUNA clipper under construction by 
Martinac Shipbuilding Co., Tacoma, will have for 
propulsion power, a Model 8 cyl., 12 x 15, 925 hp. 
@ 450 rpm., Superior diesel engine. 


SKAGIT STEEL & Iron Works, Sedro-Woolley, 
Wash., one of the Northwest's largest logging man- 
ufacturers, is powering three new logging hoists 
with six 190 hp. Waukesha diesel engines. 


SEINE BOAT Northwestern IJ, Sitka, Alaska, 
Alfred Steear, skipper and owner, has just received 
a new 225 hp. Graymarine diesel; the 60 hp. Atlas 
diesel that it replaced will be used to power a new 
boat to be built by Bob Kelton. 


PURCHASED FROM Oswald Machine Works, 
San Francisco, a Sheppard 100 hp. diesel engine, 
by Anthony Peters, Eureka, to repower his 38 ft. 
combination boat. 


PURCHASED FROM SHEPHERD Tractor & 
Equipment Co., Los Angeles; by Norris P. Kirk 
Co., smelters and refiners, for their Emoryville, 
Calif., plant a “Caterpilar” 50 kw. diesel generating 
set; Great Lakes Carbon Co., Basalt, Nev., a fourth 


“Caterpillar” 75 kw. diesel generating set. 


MAY 1948 


cisco, for standby power in its San Francisco plant, 
Kilpatrick Bakery has installed a 350 hp. Superior 
diesel direct-connected to 250 kw. General Electric 
generator; in the Oakland plant, 240 hp. Superior 
diesel. 


KNOWN IN SAN DIEGO as Crofton’s Flying 
Bathtub after more than two years building the 
hull, a unique 58 ft. x 18 it., all-steel, all-brine 
fishing vessel launched from the yard of Crofton 
Diesel Engine Co., is powered with two 165 hp., 
6 cyl. General Motors diesels. 


TROLLER KITTY BEAR has just had a new 
55 hp. Gray, 4 cycle diesel installed by Jules En- 
gine & Equipment Company for owner Everett 
Jacobs of Seattle. 


ORKUS ISLAND Light & Power Company, East 
Sound, Wash., have just installed for additional 
power, two 6 cyl., 14144 x 20, 720 hp. Superior 
diesel engines, direct connected to 500 kw. Elliott 
generators. 


A NEW ENTERPRISE 280 hp. diesel engine is 
being installed for propulsion power in the wood- 
en clipper Olympia, owner-skipper Joe Silveira, at 
Lynch Shipbuilding Co., San Diego. 


NEW GENERAL MOTORS diesel auxiliary gen- 
erating supplied by Crofton Diesel Engine Co., 
San Pedro, Calif., go to fishing boats Jackie Sue, 
New Esperia, Big Dipper, Marauder, Zephyr, Dis- 
covery, West Coast, and Stella Maris. 


THE BELLINGHAM (Wash.) Engine & Equip- 
ment Co. has recently installed 165 hp. General 
Motors diesel engines in fishing boats Katherine, 
Carolyn, Shushartie, and Kathleen Kay. 


POWERED WITH a 550 hp., supercharged Atlas 
Imperial diesel engine, with two 112 hp. Atlas 
diesel auxiliaries, is the Lucy Elena, newest addi- 
tion to the San Diego steel tuna clipper fleet; built 
by National Iron Works to fish for People’s Pack- 
ing Corporation. 


A BOOKLET recently published by “Caterpillar” 
Tractor Co. of Peoria, Illinois, brings to the atten- 
tion of “wayside inn” owners the comforts and 
conveniences of Diesel-electric power. The eight- 
page booklet describes in pictures, testimonials 
and explanatory copy the satisfaction found by 
tourist court and service station owners in oper- 
ating “Caterpilar” Diesel electric sets. Copies of 
“Caterpillar” Diesel Wayside Power may be se- 
cured from Caterpillar Tractor Co., Peoria, Illinois 
by requesting form No. 11155. 


SUPPLIED BY KING-KNIGHT Co., San Fran- 


HELP 


Read How To Save Money 
On Diesel Maintenance 
As a Diesel man, you'll want to 
have this Oakite bulletin handy. It 
shows how effective, widely-used 
Oakite cleaners descale jacket water 
coolers; wash filters; clean lube oil 


coolers, desludge Diesel crankcases 
—at low cost. 


Its four pages of valuable data are 
based on experience gained by Oak- 
ite Technical Service Representa- 
tives in working out thousands of 
Diesel cleaning jobs. It recom- 
mends Oakite cleaning procedures 
that are sure to help you maintain 
normal Diesel engine efficiency all 
Send for your FREE copy 


OAKITE PRODUCTS, INC. 
22D Thames Street, NEW YORK 6, N.Y. 


Technical Service Representatives Located in 
Principal Cities of United States and Canada 


Specialized Industrial Cleaning 
MATERIALS © METHODS SERVICE 


OAKITE 
SERVICE 
REPORT 


PETR 


PETROMETER 


wR. FOR ALL TANKS 
FOR ALL DEPTHS 


FOR ALL LIQUIDS 


OMETER CORP, 5 STAR SQ., L.I. CITY I, N.Y! 


FOR ALL DISTANCES 


A Good Gasket is worth the Price! 


It costs just as much to install a 
a tight, long lasting seal with VELLUMOID, the standard for 
nearly thirty-five years. 


THE VELLUMOID COMPANY, Worcester, Mass. 


r gasket as it does to make 


FIN-TYPE COILS 
For 


Fast, Efficient 


COOLING- 
Write 


A EROFIN 


CoRPORATION 


S. Geddes St., Syracuse 4, N. Y. 
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Buchi Turbocharging ......... 173, 185, 206, 207, 221, 223, 299 
Buckeye Machine Company .............. 43, 89, 149, 150, 173, 
184, 204, 205, 252 
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Caterpillar Tractor Company .......... 157, 168 218, 260, 280 
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Cockerill ...40 
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ing joints and, on larger machines, edge-wound copper ribbon 
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cylinder. shde#alve Blowing .engice. for motives. wood-burners. the first to be built f Cooper-B er Corliss-type steam —the first successful seli-steéring farm 
biast furnaces) Under 60 ike. préessuve west of the Alleghenies. years they engines, eventuclly made in sizes up to tractor] By 1880 bundreda were paving tne 
developed hp at 22 “burned ap the rails’ at 20 mph. 12,000 bhp. way te'mechanized farming, 


Oil-Burning semi-diese!. designed and built 
by er-Bessemer in 193%, forarunner of 
the many Cooper-Bessemer full diesel types — 
@izes that have follow@de 


Built in 1923. this is ong of CecperBes- 
semer's first full diesels. Here at.Cooper- — 

Bessemer. diese! development Gnd manu- 
facture has continued withtwl inferruption 


This modern 16 cylinder. turbo-supercharged, V-type engine, the 
FY, is one of the newest developed by Cooper-Bessemer. It offers 
number highly desirable departures from older standards of 


design and performaneée, is built in locomotive, marine and sta- C B 
onary types from 300 to 1600 bhp. ; Sa oop er = ess em er 
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